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Note the hemispheres of influence of the two MicroLog curves. The short 
spacings and insulating pad make it possible to measure 
a minimum of formation together with evidence of mud cake development. The 
resulting log is very detailed, indicating permeable zones and offering 
a means of measuring porosity. MicroLogging . . . another 
example of Schlumberger’s determination and ability to create unique new 
ways of obtaining vital formation data .. . has been acknowledged as 


the most important development in well logging since Schlumberger pioneered the 
basic electrical log. Your Schlumberger engineer can help you 
determine the formations and conditions in which the MicroLog may prevent 


you from passing up production possibilities. Be sure on every survey. 


THE OIL INDUSTRY SCH L_ UMBERGE R 


Well Surveying Corporation 

















NEW §S THE SACK 


On the scrap hea; history is a stack of old cement sacks... tossed 
there fifteen year when Halliburton originated Bulk Cementing. 
This major impr ent plugged many holes in the sack cementing 
method. It requir: ot of special equipment like this big pneumatic 
trailer, but the benefits were worth it. Bulk Cementing eliminates the 
time-consuming labor of handling and dumping hundreds of sacks 

it completely wipes out waste for there’s no way cement can spoil, and 
any left over can be turned back for credit. More important, custom 
made cements ar¢ hanically mixed with greater accuracy and more 
thorough blendin additives. When you’re looking for ways to plug 
holes in your operating costs, take a close look at the benefits of Bulk 


' 


Cementing. One of Halliburton’s 45 Bulk Cement stations is near you. 


HALLIBURTON oi1t wett CEMENTING COMPANY 
DUNCAN, OKLAHOMA 














AUTOMATIC SEAL 
Cant Forget 


Regardless of how or when you decide to install the O-C-T 
“C-20” Casing Hanger . . . before cementing, after cementing, 
through preventers, under preventers, or at any time in case of 
stuck pipe . . . you can improve the safety of your completion 
operations and save hours of expensive rig time due to the flexible, 
simplified O-C-T installation procedure 

The first quick-setting, positive-sealing well head designed 
especially to eliminate open hole hazards in medium depth wells, 
the O-C-T “C-20” Casing Hanger can’t forget to seal . . . because 
the sealing element, slip bow! and slips are assembled as a single 
unit that may be wrapped quickly around the casing, latched and 
dropped into piace, eliminating the possibility of individual parts 
being installed incorrectly. Check these other features: it seals and 
suspends automatically; it employs a resilient seal ring which pro- 
vides an effective seal for the life of the well in any climate. 

Let your O-C-T Representative give you all the details or write 
for complete information. Available through more than 700 supply 


a, Ge Cure store locations. 


with C-20 Hil Center Taal @. 
CASING HEADS id 


Export R ~~ Sterling Areas—Le Grand, Sutcliff & Gell, Ltd., Rochester, 
Kent, Eng Seuth America—East West Oilteols, C. A., Del Lage Hotel, Maracaibe, 
Venezuela. Aédcess Expert inquiries fer All Other Countries te P. 0. Box 3091, 
Heuston, Texas. 
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A Typical Success Story 


Clinton field, Tex.:* Well I, producing from the Marginulina 
sand, had been repaired by cleaning out the wellbore, squeez- 
ing perforations to shut out water, drilling out and reperfo- 
rating. Following workover, no appreciable production could 
be obtained. Sand was washed out of the hole and the well 
squeezed with 200 bbl. of oil. No production could be obtained 
after two days’ swabbing. The well ‘was then squeezed with 
2,000 gal. of crude oil containing 20 gal. of Arprer 931. Two 
days’ swabbing raised the fluid level to 2,300 ft. Sand was 
washed out again and the well flowed 68 bbl. wash oil in 12 
hours. Later, on a repotential test, the well flowed 116 bbl. oil 


and 3 BWPD with a GOR of 159. 


The water-block in this well is believed to have been caused 
in part by the production of water and mud prior to repairs 
and in part by cement and mud filtrate lost to the sand during 
repairs. Some mixed wettability characteristics have been 
observed in this sand during laboratory tests. 


*Published in Journal of Petroleum Technology, Nov., 1954. 
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*!!@?!, 
another McCullough gun crew 





...and you always get deeper penetration with McCullough M-3 Bullet Guns and 
Glass Jet Perforators... they “put the shots where they count’’— deep in the pay zone. 


Take the improved M-3 Gun and the new 
McCullough ogival bullet ...important 
design improvements give enormous \ Cc (} 
added firing power... as much as 50% N | ullough 
greater penetrating ability. And deeper 
penetration means greater drainage area, TOOL COMPANY 
more production, MORE OIL! J 

For better results... always specify LOS ANGELES » HOUSTON » EDMONTON 
McCULLOUGH PERFORATING SERVICE. OVER 40 OL FIELD SERVICE BRANCHES 


SERVICE ANYWHERE — ANYTIME 
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PROVEN 
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Branch Sales and Service: Houston ® Dallas © New York ® Tulsa © Los Angeles ®@ Seminole © Oklahoma City ® Corpus Christi ¢ Odessa 
Kilgore © Wichita Falls © Casper, Wyoming @ Great Bend, Kansas @ Effingham, Illinois ¢ Duncan, Oklahoma 
Brookhaven, Mississippi @ El Dorado, Arkansas 


Lufkin equipment in Canada is handled by THE LUFKIN MACHINE CO. LTD., 14321 108th Avenue, EDMONTON, ALBERTA, CANADA 
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DOWELL XM acid treatment 
achieved this result by 
control of silicate swelling 


Dowell XM acid is designed to control the swelling of silicates and clay minerals which can occur during the acidizing of some 
limestone and dolomitic formations. It is used to prevent emulsions, and to give easier return of spent acid and faster well clean-up. 


This new well, completed in a dolomitic formation, gave 
only a show of oil on a drill stem test. An ordinary acid 
treatment was stopped after 27 hours because of excessive 
pressure with no break. The well swabbed dry. Then the 
operator called Dowell. 


A study indicated that the effective permeability might 
have been reduced by swollen silicate materials plugging 
the pore spaces. Dowell engineers recommended the use 
of XM acid to reduce this swelling. 


Following the treatment the well cleaned up readily and 
swabbed 252 barrels of oil per day, leveling off at 46 Bopp 


pumping after five months. The operator gave the Dowell 
XM acid treatment full credit for the oil well—another 
well saved from abandonment and given productive life. 
Latest records show that, since this case, the operator 
has used Dowell silicate control agents in each of his 
well treatments in that area with similar records of success. 


Other Dowell services including fracturing, Electric Pilot 
and Glass Gun perforating are also used to solve many 
dificult problems encountered in oil, gas and water wells. 
For full details contact your nearest Dowell office or write 
direct to DOWELL INCORPORATED, Tulsa 1, Oklahoma, 


Dept. B-15. 


services for the oil industry 


A SERVICE SUBSIDIARY OF THE DOW CHEMICAL COMPANY 





ROBERT B. GILMORE 
Chairman, Petroleum Branch, AIME 


L: you set out to search Roget and Webster for a 
few words that characterize Bob Gilmore you might 
look a good while, but you would be likely to settle on 
these three: quiet; competent; effective. Either on first 
acquaintance or after years of close relationship with 
him, these are the qualities you see and admire in him 
most. And they cover a lot of ground. 

His quietness is but a manifestation of his stability, 
for he is the completely predictable person. Call him at 
any hour of the day or night about a football lottery or 
an evaluation job, and you find him in the same mood 
of good humor and ready to talk as long as you want to 
talk. He makes like he doesn’t know much about what’s 
going on. But ask him a question and he is likely to say, 
“Shoot, I donno...”, and then go on and give you an 
answer with more lagniappe than a Canal Street candy- 
man ever gave. Also, he would lead you to believe that 
he doesn’t know many people; but go out on the street 
with him in Houston, Los Angeles, Tulsa, or New Or- 
leans, and he will speak to more people by first name 
than you would in your own home town. 

Competence and effectiveness go hand-in-hand, as 
applied to Bob, for they mean a breadth of capacity to 
join in a seemingly endless number of activities and do 
an impressive job in all of them. In business he is 
a senior vice-president of DeGolyer & MacNaughton in 
Dallas in charge of the Mid-Continent area. Profes- 
sionally, he is always involved in two or three AIME 
jobs, is a member of the AAPG, the National Society of 
Professional Engineers, the Engineers Club of Dallas, 
the Dallas Petroleum Engineers’ Club, the Nomads, the 
American Association for the Advancement of Science, 
and is a registered petroleum engineer in Texas and 
California. In civic life he is president of the Preston 
Hollow Dad’s Club, and a member of the Dallas Cham- 
ber of Commerce. He is, last but not least, an active 
worker in the Preston Hollow Methodist Church of 
Dallas. 


Orr friend grew up in the oil business. His father, 
who died in 1953, spent his active business life in the 
petroleum industry in Tulsa. This influence and location 
led Bob to attend the University of Tulsa, where he 
graduated in petroleum engineering in 1939. He served 
a hitch with Shell in between his starting in the Uni- 
versity and graduation, and then returned to that com- 
pany after graduation. He continued there until joining 
DeGolyer & MacNaughton in Aug., 1941. 

A story lies in his joining DeGolyer & MacNaughton. 
It seems that Bob was recommended to L. W. Mac- 
Naughton, who decided to take a look and went to 
a rather remote community in Oklahoma to see Bob. 
Upon arriving at the company office there, he was di- 
rected to a certain lease, where Bob was supposed to be 
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at work. Arriving there, he was directed to a second 
lease—and finally spent the afternoon driving through 
muddy roads to points where Bob had just been. He 
finally found Bob coming out of a back shed on one 
of the leases, and the evidence seemed to indicate that 
a poker game had been going on. MacNaughton hired 
Bob, explaining later that “the hiring was admittedly 
not entirely on his engineering experience and ability, 
because I knew little about that, but I felt that a man 
who could lay so many plans so well would be worth 
hiring.” 


S INCE the time MacNaughton “caught up” with Bob 
and he decided to move to Dallas, his rise has been 
quiet but constant, as he would have it. After nine years 
he was a vice-president and director of the firm, then 
continued to progress to the position of senior vice- 
president in charge of all Mid-Continent operations. 

Bob also has another top notch petroleum “man” in 
the family. Gracious Mrs. Bob (Kathleen) Gilmore 
holds a BS degree in geology and has done graduate 
work in this field. She has held positions as editorial 
assistant of the AAPG Bulletin, with Superior Oil Co., 
and with Standard Oil Co. of Kansas. Now, in addition 
to caring for four charming daughters (Betsy, 12, Judy, 
9, Patty, 7, and Sally, 22), she correlates the seismo- 
graph records at Southern Methodist University. 

Bob’s service to AIME has been through several 
offices. For the past three years he has been the chair- 
man of the Production Review Committee, which is 
charged with the responsibility of producing the annual 
Statistics volume. In 1950 he was Petroleum Branch 
treasurer, and he has held several local section offices. 


H E has definite ideas about what he intends to do 
as Chairman of the Petroleum Branch in 1955. Bob told 
a Delta Local Section meeting recently that his goal is 
to get “larger drinking glasses for use at social hours 
prior to local section meetings.” Actually, he has three 
objectives which he will stress, in addition to those 
sought by his predecessors. They are: (1) to strive to 
broaden the outlook of the Branch to provide more 
papers and activities of interest to those petroleum engi- 
neers who have progressed to the management level; 
(2) to develop more interest in Student Chapters and 
to encourage students to become Student Associates of 
the AIME; and (3) to endeavor to interest more high 
school students in studying petroleum engineering when 
they start to college. 

As the new Petroleum Branch chairman he will un- 
doubtedly approach his task with the same quiet effi- 
ciency and confidence that has characterized all of his 
activities of the past. 

R. W. TAYLOR AND JOE B. ALFORD 





H., Dewitt Smith sits behind his desk at 14 Wall St., 
New York, and talks easily and knowledgeably of many 
things. The sun streams through the window at his back 
and plays strange light patterns on the map of Africa 
on the wall to his left. The conversation ranges from 
Alaskan mining camps to Mexico, to South Africa, to 
England, Bolivia, and Chile. Through all the years of 
his association with mining, his chief interest has been 
copper. The winning of that metal has brought Smith 
into contact with some pretiy rugged living. Today he is 
still active in South African copper mining. He retired 
as a vice-president of Newmont Mining Co. in Sept., 
1954, but is still a member of the board, chairman of 
O’okiep Copper Co., Ltd., and consulting engineer for 
O’okiep and Tsumeb. 

From the time he joined Newmont, Smith partici- 
pated in many large copper property merger transac- 
tions, including Rhodesian Congo Border Concession, 
Ltd.—Bwana M’Kuba; Phelps Dodge—Calumet & Ari- 
zona; and the Phelps Dodge purchase of United Verde. 
It is with the development of Newmont’s South African 
ventures that Smith is most closely identified. 

As the conversation moves from one mining topic to 
another, he ties the minerals industry history of the last 
50 years into a unified whole. As the story unfolds he 
pauses for a moment and then ponders that “The ro- 
mance seems to have gone out of mining for a lot of 
people.” Smith doesn’t agree. 

“If there is no longer romance in the minerals indus- 
try it is only because no one wants to find it there.” 


Born Sept. 30, 1888 in Plantsville, Conn., H. DeWitt 
Smith received his EM from Yale's Sheffield School in 
1910. His travels started early in his career. As one of 
the last junior engineers trained by Joshua Edward 
Spurr, he saw most of the western part of the U. S. and 
much of Mexico. 

In 1924 Smith put aside the rough clothes of a min- 
ing man and went into the industrial department of the 
New York Trust Co. “One of the remarkable things 
about the department at that time, was that the person- 
nel consisted largely of mining engineers.” Mr. Smith 
performed such diverse duties as operating a silk ribbon 
business and a milking machine company before he left 
the bank to return to mining and United Verde. Finally, 
in 1930 he joined Newmont. Since then, there has been 
only one break in the relationship. Smith was executive 
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vice-president of the Metals Reserve Co., Reconstruc- 
tion Finance Corp. subsidiary. He was in charge of all 
domestic, Canadian, and Mexican metals procurement 
activities, from 1941 to 1944 


W hile with Metals Reserve he established a reputa- 
tion for quickly cutting away red tape and superfluous 
negotiations on contracts. One representative of a large 
company walked into the Metals Reserve offices expect- 
ing hours of wrangling over vague details. Fifteen min- 
utes later he and his lawyer were walking out the door, 
the executive recalls, with a signed contract. The sound- 
ness of the contracts arranged by Metals Reserve was 
proven after the end of the war when not one of its 
agreements had to be renegotiated. An escape clause in 
each pact elaborated on the exact procedure to be fol- 
lowed for its termination or at the end of hostilities. 

Smith joined the Institute in 1911 and has been 
active in its affairs for many years, holding office as 
chairman of the Nominating Committee in 1939, as a 
director, chairman of the Seeley W. Mudd Memorial 
Fund Committee, and chairman of the 75th Anniver- 
sary Committee. One of his prime objectives as 1955 
president of the AIME will be to strengthen the grass 
roots movement among the sections that was started 
during previous presidencies 


He is vitally concerned with the problem of attract- 
ing young men to the mining industry, and has been 
instrumental in the Newmont program which brings 
five young men to the U. S. from South Africa each 
year. The South Africans study in U. S. schools for 
three years under the plan. Many of his training ideas 
evolved from the United Verde mining training pro- 
gram that operated in the years following World War I. 

Smith married Ellen Dawson Burke of Plainfield, 
N. J., in 1916. They have three children, C. DeWitt 
Smith, Mrs. Alfred Sanford, II, and Mrs. J. Clifton 
Rodes. C. DeWitt Smith is with St. Joseph Lead Co., 
carrying on the family tradition of making one’s own 
way. 

If there is one thing in the world that will distract 
Smith from mining and the romance of copper, it’s 
surfcasting. Nantucket beaches, early in the morning or 
just before sundown are his favorite spots. His biggest 
catches have been a 9% Ib bluefish and a 23% Ib 
striped bass, both hooked and landed off Nantucket. 

tok 
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FEATURE ARTICLE 


THE EFFECT of SLANT HOLE, DRAINHOLE, and LATERAL HOLE 
DRILLING on WELL PRODUCTIVITY 


ALVIN E. ROEMERSHAUSER 


MURRAY F. HAWKINS, JR. 
MEMBER AIME 


Introduction 


Methods have been developed for drilling (a) slant 
holes’ and (b) one or more curved holes from a common 
central hole*’ in producing formations. These wells will 
have productivities exceeding that of a single hole drilled 
normal to and fully penetrating the producing stratum, 
other factors being equal. This increase is due to the 
decrease in resistance to flow in the vicinity of the well- 
bore by an increase in the cross section exposed to flow 
with increasing footage drilled in the formation and due 
to the geometrical arrangement of the holes with respect 
to the drainage radius or boundary. Where other factors 
are not equal, for example, where zona! damage exists 
in the single, fully penetrating hole but not in the slant 
or curved holes, additional increases in productivity will 
accrue. 

Many of these wells have been drilled in the past and 
are currently being drilled with various results reported. 
While the authors are aware of some of the practical 
aspects of drilling and completing these multiple, curved 
holes, it is their hope to provide some basic data on the 
improvement in productivity to be anticipated in these 
wells for a number of hole arrangements or patterns. 


Model Studies 


Electric analogue or model studies have been used for 
solving some reservoir fluid flow problems in which the 
mathematical solutions are unknown, too approximate 
or too complex. For example, recent studies have used 
this method to determine the effect of shot density, 
diameter, and depth of penetration of gun perforations 
on well productivity*’. The success of these studies 
depends upon the analogy between Ohm’s Law for 
electrical flow and Darcy’s Law for incompressible fluid 
flow in homogeneous rock. Where a geometrical scale 
reduction is desired, a single scale factor is applied to 
all dimensions. 

Following along lines similar to the gun perforation 
tests, the present experiments have been performed to 
evaluate the benefit in well productivity of slant and 





*Graduate Fellow and Professor of Petroleum Engineering at Louisi- 
ana State University. 
Manuscript received in Petroleum Branch office on June 18, 1954. 
‘References given at end of paper. 
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LOUISIANA STATE UNIVERSITY 
BATON ROUGE, LA. 


curved holes as applied to incompressible fluid flow in 
homogeneous rock from a radial boundary. In order to 
make the results of greatest use, the studies have been 
reported on the basis of 40 acre well spacing (660 ft 
radial boundary) and the well patterns used have con- 
formed to those presently obtainable with proven drill- 
ing tools. Accordingly, the discussion will be limited to 
the following classifications or patterns, illustrated in 
Fig. | and defined as follows: 


(1) Slant Hole — Fig. 1a —a single hole drilled at an 
angle other than normal to the producing stratum, and 
fully penetrating that stratum. This may occur in wells 
drilled directionally through near horizontal strata or 
vertical holes drilled through dipping strata. 


(2) Drain Holes— Fig. 1b—one or more holes 
drilled from a central borehole with a radius of curva- 
ture of 8 to 12 ft and subsequent horizontal penetration 
up to 50 ft. 

(3) Lateral Holes — Fig. lc—one or more holes 
drilled from a central borehole with a radius of curva- 
ture of about 30 ft and a total footage of about 50 ft 
from the central borehole. 


In addition reference will be made to partially pene- 
trating wells (Fig. 1d) which are drilled normal to the 
producing stratum but do not fully penetrate it. 
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FIG 1-0 PARTIALLY PENETRATING WELL 
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| FIG I-G. LATERAL HOLES 





Fig. | — Completed drain holes in limestone formation. 





The electrical model consists of a cylindrical plastic 
tank about 6 ft in diameter filled with an electrolyte 
to depths up to 12 in as shown in F’g. 2. A vertical, 
fully penetrating well, with which all other well pat- 
terns are compared, is represented by a straight piece of 
No. 4 solid, bare, copper wire suspended vertically at 
the center and extending to the bottom of the tank. The 
drainage radius is represented by a cylindrical copper 
sheet, 6 ft in diameter and 12 in. in height, resting 
on the bottom of the tank. On the scale selected the 
model represents a borehole of 0.350 ft radius (about 
8% in diameter), a drainage radius of 115 ft and forma- 
tion thicknesses up to 32 ft depending on the level of 
the electrolyte in the tank. Well models representing 
various drainhole and lateral hole patterns, as pre- 
viously defined, are also constructed of No. 4 copper 
wire bent to curvatures on the proper scale. Some of 
the electrode models are shown in Fig. 3 in which it can 
be observed that, where more than one drain hole is 
drilled, the holes are arranged symmetrically about the 
central hole and on one or more vertical levels, so as to 
give approximately optimum productivity. Lateral holes 
were arranged on one level only, symmetrically about 
the central hole. All curved hole arrangements were 
suspended at the center in the electrolyte to represent 
a 90 per cent vertical penetration of the formation. 


Fig. 2— Photograph of mode! tank. 





A Type 650-A General Radio Impedence Bridge was 
used to measure the electrical resistance between the 
center electrode or other electrode pattern and the outer! 
cylinder. As the model represents the 40 acre unit only 
A to a radius of 115 ft, an additional resistance R., was 


IN. / \ added to all readings, assuming radial flow from 115 
— 


~ A 


ft to the 660 ft radius. This additional resistance was 
calculated from the measured specific resistance of the 
electrolyte. The resistance, R,,, between the single, verti- 
cal, fully penetrating electrode and the outer cylinder, 
corrected to 660 ft equivalent radius by the addition 
of R..as defined previously, was taken as the reference 
with which all other well pattern systems were com- 
pared. If the resistance between any other electrode 
ae pattern and the outer cylinder te R,, as well produc- 

tivity varies inversely with the resistance, the percentage 
L increase in well productivity of any electrode pattern 


+ over the single, vertical, fully penetrating well is 
given by 


R 

















Percentage increase 100 

Fig. 3 — Photograph of electrodes representing various R. +R 
patterns. In order to check the validity and the accuracy of 
the model, it was used to solve the problem of the par- 
tially penetrating well. As this particular problem has 
been solved mathematically by Muskat,’ the comparison 
. : , ' of the data obtained by both methods, shown in Fig. 4, 
eg indicates an adequate model 
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m » se rcer 
bes | } | | | (1) Slant Holes — The effect of drilling a completely 
penetrating hole at an angle other than normal to the 
strata is shown in Fig. 5. Moderate improvement is 

noted with increasing angle of penetration. The slightly 

greater increases in the thicker formations at the same 

angle are due to the closer approach of the boreholes 

to the drainage radius in the thicker formation. As only 

relative angles are important, the same improvement is 

to be anticipated in a vertical hole drilled through a for- 

mation dipping at the indicated angle over a well pene- 

trating normally, provided that the reference is 40 reser- 


1 — The effect of penetration on productivity. voir acres and not 40 surface acres 
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(2) Drain Holes — Fig. 6 and Fig. 7 assume 90 per 
cent penetration, i.e. the lowest portion of any of the 
holes is 3.2 ft and 1.6 f< respectively above the base of 
the 32 ft and 16 ft thick formations. As mentioned pre- 
viously, the drain holes were oriented spatially to give 
approximately best productivities. Fig. 6 indicates the 
greater benefit per drain hole in the thinner formation, 
but as would be expected, four drain holes in the 32 ft 
formation gives about the same improvement as two 
drain holes in the 16 ft formation. A diminishing rate 
of improvement per additional drain hole is noted in all 
measurements, and the ultimate improvement will ap- 
proach asymptotically the percentage improvement cal- 
culated for a well reamed out to a radius equal to the 
maximum horizontal penetration. The effect of greater 
horizontal penetration is shown in Fig. 7 where values 
up to 50 ft horizontal penetration are plotted. 

(3) Lateral Holes — Fig. 8 shows a trend for lateral 
holes quite similar to that for drain holes except that 
there is no horizontal penetration after the hole has 
been turned 90°, i.e. to the horizontal. All results apply 
to lateral holes which have been turned the full 90°. 

Fig. 9 is interesting in that it shows a general increase 
in productivity for all methods as a function of the total 
footage drilled in the producing formation. It should 
be mentioned at this point that the productivities for all 
curved hole patterns would have been slightly increased 
had a fully penetrating central borehole been drilled in 
addition to the curved holes. It is observed that slant 
hole drilling gives the best increase per foot drilled, 
while, as might be expected, the greatest total benefit is 
obtained from the drain holes with 50 ft of horizontal 
penetration. The lower curve is an average for drain 
holes with 14.1 and 20 ft of horizontal penetration. It 
approaches a limit of about 200 per cent increase, 
which is the calculated increase expected if the hole 
were reamed out to about 17 ft. The upper curve is an 
average for drain holes with 35 ft and 50 ft horizontal 
penetrations, lateral holes turned through 90° on a 
28.65 ft radius, and slant holes. This curve approaches 
a limiting value of about 300 per cent. The numbers 
beside the various points indicate the number of drain 
holes or lateral holes drilled to achieve the plotted 
value of total footage and, in the case of slant holes, the 
angle of penetration. 


Application 

While no reference has been made to well comple- 
tion, it is presumed that the results may be applied 
equally to cased and open holes, provided that the same 
completion efficiency exists in the patterns under com- 
parison. The results presented from these studies are 
based upon the assumption of steady-state flow of 
homogeneous, incompressible fluids in isotropic forma- 
tions of uniform permeability and thickness. Because of 
these assumptions, it is believed that for most field appli- 
cations the actual improvements to be expected are 
greater than those reported. For example, as shown in 
Fig. 10, where the well spacing is less than 40 acres 
(660 ft drainage radius) greater improvement will result. 
Where the new hole or holes drilled extend beyond a 
region of low permeability, as from zonal damage dur- 
ing drilling and completing the original straight hole, or 
where the new hole or holes extend to regions of in- 
creased permeability, as for example in fracture type 
formations, increased benefits over those predicted here 
are to be expected, the magnitude depending upon the 
particular areal extent and ratios of the permeabilities 
involved. 
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Fig. 5 — The effect of angular penetration and forma- 
tion thickness on productivity. 
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Fig. 6 — The effect of drainhole density and formation 
thickness on productivity. 
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Fig. 7—The effect of horizontal penetration and forma- 
tion thickness on producivity for drainhole drilling. 
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Fig. 8 — The effect of lateral hole density on 
productivity. 
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Fig. 9 — The variation of productivity with total feet of 
formation drilled for various penetration methods. 


As both gas flow formulae and those pertaining to 
gravitational drainage’ indicate a rate of production de- 
pendent upon the difference between the squares of the 
wellbore and drainage radius pressures or fluid heads, 
resulting in a concentration of pressure drop near the 
wellbores greater than that of the incompressible fluid, 
again the improvements predicted by these studies are 
minimal. The deliverability of gas wells producing from 
formations of low permeability may be improved several 
times over the values indicated. 

Finally, further improvement over the indicated 
values may be anticipated in oil producing formations 
where large draw down pressures cause reduced oil 
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Fig. 10 — The effect of well spacing on productivity 
increase for two drain holes, 50 ft horizontal 
penetration, H 32 ft, R, 35 ft. 


permeability due to the release of gas from solution in 
the vicinity of the wellbore. Similar remarks apply to 
gas condensate wells in which retrograde liquid is de- 
posited as a result of large pressure drops in the vicinity 
of the wellbore. 

Conversely, there are some instances where the antici- 
pated improvement will be less than predicted here; for 
example, when the well is drilled fortuitously into a per- 
meable portion of a reservoir which is surrounded by 
less permeable rock. 
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ZUBLIN DRAINHOLES are underground accurate ‘‘feeder 
pipe lines’ flowing the oil from the formation to the well. 
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.--are drilled into and through the 
“congested”’ area surrounding a well 


MORE THAN 100 WELLS HAVE PROVED THAT: 


@ THE VELOCITY OF THE FLOWING OIL IS REDUCED, 








. ® FORMATION FRICTION IS GREATLY REDUCED, and therefore 





® DAILY AND ULTIMATE OIL PRODUCTION IS INCREASED, 
es CONSERVING RESERVOIR ENERGY AT THE SAME TIME. 


Check these Important Features: 


M Drainholes are drilled at any depth, in any drillable 





formation, and for any number of drainholes in one well. 


M Zublin Drainholes are drilled accurately to specifications 4S 
from the geological department. Deviating curved 
radial drainholes with straight extensions have been 





drilled with inserted perforated liners for more 
than 120 feet in length. 
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A Zublin serviceman can show any good driller how to 
drill drainholes after a short period of instruction. 


Reliable survey instruments are available to 


etnies wees prove the accuracy of Zublin Drainholes. 


GUIDE DRILLING 
DRAINHOLES 
OF SAME RADIUS 
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] 2369 East 51st Street, Los Angeles 58, Calif. | 
Please send Brochure. 73 
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For full information, mail coupon for attractive | com : 
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comprehensive Brochure giving surveys and other | 5 
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NOV’- YOU HEARD 
THE JOHNSTON 
HYDRAULIC HOLE 
CALIPER |S THE 
CAT'S WHISKERS, 
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DIAMETERS! 
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ROTARY RIGS EVERYWHERE 


neeD A STAR RECORDER! 
Permanently Records — 
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The new Star Recorder charts are 

permanent, accurate, easy to read and to 

understand! Let an Eastman engineer 

demonstrate the sensational new features 

of the Star Recorder to you. 

Leased and serviced exclusively by 

Eastman’‘s 26 offices. : 

Call the Eastman office FORMATION 
nearest you. THICKNESS 
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Eastman Oil Well Survey Company 
LONG BEACH * DENVER * HOUSTON 


Export Sales and Service 


The Star Recorder Corporation 
ma res its own product 
at Denver, Colorado, and has 
no connection with any other 
similar instruments or devices. 





EASTMAN INTERNATIONAL COMPANY 
P O. Box 1500 ° Denver, Colorado, U.S.A. 














Bring cuttings up FAST... 
by reverse circulation 


, with GUIBERSON 
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PACKING 
RUBBER 


POWER 
TAKE OFF 


Virtually a small rotary table, 
for work-overs, clean-out work, 


slim-hole drilling, or drilling in 
FULL 


FLOATING : 
WASHPIPE 7 Guiberson Type J Head offers 


with controlled pressure, the 


you many exclusive features. It 
will drill cement plugs, float 


collars and new hole at an ex- 

UNION OR 
FLANGE TYPE 
BOTTOM 


ceptionally fast rate. 


BOTTOM CONNECTION | CASING SIZE 





Union, Minor Hub 
with Two 2” Side 
Outlets 


5%” 
7” 





Union, Standard 
Minor Hub 





Flange, 6” — 600 
6” — 900 Series 








BLACK | 
MAGICs- 
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a high-weight, low 


Here is a new, low-viscosity oil base drilling fluid that can be @ 
weighted to extremely high weights, yet remains stable under @ 
high temperatures and pressures. Tests have been run for periods © 
of four weeks under high pressures and at temperatures up to | 
400° F. with no adverse effects. It contains no clays or bentonites; 
problems of high temperature gelation are completely eliminated. 


DRILLING AND COMPLETION FLUID 


Due to its low maintenance cost and complete resistance to con- 
tamination from cement, salt, anhydrite, etc., Super Mix is the 
ideal fluid for drilling and completion work where high mud 
weights are required. During a recent workover job in the Gulf 
Coast Area, Super Mix was weighted to 17.0 lbs./gal. (127.5 
Ibs./cu. ft.) with a viscosity of 69 sec. API at 120° F. This mud 
was in use for six weeks and the total treating cost was less than 
$300.00. Weights as high as 18.7 lbs. /gal. (141 lbs./cu. ft.) have 
been successfully used in the field. For drilling deep, hot holes, 
heaving shale, and other troublesome formations there is no 
fluid to equal Black Magic Super Mix. 








PACKER FLUID 


Super Mix is also being used extensively as a highly weighted 
fluid in the annulus above production packers in high pressure 
wells. In no case has the fluid shown any tendency to settle, | 
disintegrate or solidify. When it becomes necessary to pull the 
packer, the Super Mix —unlike other packer fluids—serves as | 
an ideal drilling or workover fluid. It can not deteriorate by 
standing idle for long periods of time. 





PERFORATING FLUID 


As a perforating fluid, Super Mix will not seal off the newly shot 
holes, as is the case when a fresh or salt water clay mud is used. © 
The excessive heat and force generated by bullets and jet charges 
actually bakes a hard, solid clay plug behind the shot, thereby — 
minimizing the perforating job. In some cases flow has been 
restricted as much as 77 %.* In recent experiments with perforat- 
ing guns, Super Mix produced a soft mushy substance in shot 
holes which dissolved in crude oil when the well came on pro- 
duction. No possible chance of plugging the formation with this 
drilling mud. For more information on Super Mix, write for the 
paper— ‘Recent Developments in Oil Base Mud.”’ 
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* Effectiveness of Gun Perforating, Journ. Pet. Technology, January, 1954. 
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JOINT TENSION 
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26 


—26# 4-55 
—26+ N-80 


7 —29% N-80 
7%—26.4% }-55 
7%—26.4% N-80 
7%—29.7% N-80 
7%—33.7# N-80 
8%—32% 1-55 
8%—36% 4-55 
8%—36 N-80 
8%—40 —N-80 


9%—36F J-55] 3, 10,100 


HYDRIL COMPANY (@eqecbe 


9%—43.5% N-80} 7, 12,570] 966 
GENERAL OFFICES: 714 West Olympic Boulevard, Los Angeles 15, Calif, 9%—47+ N-80] 8, 12,910 }1072 


meaner 
FACTORIES: Houston, Texas Youngstown, Ohio; Rochester, Pennsylvania Tension strength calculations are based on 55,000 
ibs. yield and 92,000 Ibs. ultimate for J-55 ma- 
terial, and on 80,000 Ibs. yield and 105,000 Ibs 
ultimate for N-80 material 
Information on other sizes available on request 
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Petroleum Branch Financial Condition 

The Petroleum Branch had an excellent financial 
year in 1954. Total Branch income was $198,075, and 
expenses $192,144, leaving a surplus of $5,930. The 
year’s income was $33,296 more than 1953; about half 
of the increase coming from advertising revenue and 
the remainder from membership dues and publication 
sales. Table | shows the breakdown of income and 
expense, and the percentage of each major division of 
the total, for 1954. 

Since the organization of the Branch in 1949, the 
Branch Executive Committee has had the policy of 
operating in the black, and this has been done since 
1950. We have also operated on the basis of plowing 
as much money as possible back into future develop- 
ment, and during these years have invested about 
$18,000 in sales promotion on advertising and mem- 
bership development, that would have otherwise been 


Table 1 — Petroleum Branch Income and Expense 
for 1954 
Per cent 
INCOME of Total 
Membership dues and initiation 
ee . . $111,188 


Amount 


Advertising and publications 
eee. oe oe a ee 86,014 
NaspemameOns- ww ue 873 


Total Income . . $198,075 
EXPENSE 
Membership and Sections: 

(Local Section refunds; Petro- 
leum Branch office; member- 
ship promotion; Engineering 
Societies library ) . $ 51,629 

Publications: 

(Petroleum Technology; 
Transactions; Statistics; mis- 
cellaneous ) 

Administrative : 

(Branch share New York of- 
fice, pensions; insurance; 
AIME directory supplement) 39,169 20.4 

Total Expenses . $192,144 100 
Surplus income over expenses $ 5,930 


101,346 


Table 2 — Comparison of AIME Income by Branches, 
1950-1955 
(1955 Figures from Tentative Budget for Year) 
Mining Metals Petroleum 
1955 . . . . $314,544 $180,847 $230,009 
S54...» » aia 175,078 198,075 
63... . . .3GRRS 181,690 164,779 
es. > < 163,179 140,009 
We... ... 2+ aa 138,346 127,007 
ie)... 2 130,514 122,648 
Total income 
increase for 
6-year period $ 73,921 


$ 50,333 $107,361 
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EXECUTIVE SECRETARY 
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surplus. This investment is already paying off well 
through a growing membership and advertising volume. 
Both result in increasing income. 

Table 2 shows a comparison of income of the three 
Branches of AIME by years from 1950 through 1955, 
and Table 3 shows the amount of increase or decrease 
by Branches in the same period. These figures reveal 
that the Petroleum Branch got a slow start, but has 
had a steady growth since, and by the end of this year 
will have increased its income by about $107,000 in 
the six-year period. 


Table 3 — Increase or Decrease of AIME Income 
by Branches, 1950-1955 
Mining Metals 
i955 over 1954 . . $11,275 $ 5,769 
1954 over 1953 .. (6,046) (6,612) 
1953 over 1952 .. 19,124 18,511 24,770 
1952 over 1951 .. 33,469 24,833 13,002 
i951 over 1950 .. 16,099 7,832 4,359 


Petroleum 


$31,934 
33,296 


The primary basis for this financial good health is 
growth in membership—along with increasing recogni- 
tion of the petroleum engineer in the oil industry. Table 
4 shows a comparison of AIME membership by grades 
in each Branch at the beginning of 1950 and 1955. 
[hese figures show that the Petroleum Branch had an 
over-all membership increase of 51.5 per cent during 
the five-year period. 

In spite of this excellent growth pattern—the credit 
for which is due to many members—we believe the 
Petroleum Branch is just getting started good. A projec- 
tion of the same growth rate will give the Branch a 
membership of 11,000 by 1960 and 15,000 by 1965. 
If this occurs, we can have an income of $350,009 and 
$500,000 in the same years. 

Sound optimistic? Admittedly it does, but the poten- 
tial is there, and it can be done. When it is done we 
will have lower dues, better publications, more service 
to members, and render a far better service to the 
industry. The goal is worth the effort. 


Table 4 — Analysis of AIME Membership by Branches 
by Grades, 1950 and 1955 
Jan. 1, 1955 


MINING BRANCH Jan. 1, 1950 19 
Members and Associates . . 6,519 8,059 
Junior Members . . . . 2,047 1,721 
Students “6a... Sdiiiees) ai eee 940 

11,165 10,720 

METALS BRANCH 
Members and Associates . . 3,054 4,240 
Junior Members... . 959 1,071 
Studente'. ... Gapevcet sc hes EE 574 

§,231 5,885 

PETROLEUM BRANCH 
Members and Associates . . 2,844 4,014 
Junior Members... . 893 rk 
Students. *: °) S24 oo ee 665 

4,871 7,390 
kt 





SEVEN NEW LOCAL SECTIONS FORMED during 1954 
AS EVER-INCREASING BRANCH GROWTH CONTINUES 


In 1954 the Petroleum Branch continued the policy 
established by the Executive Committee in 1952 to 
“take the Branch to its membership through the estab- 
lishment of new local sections.” Seven new local sec- 
tions were organized during the year just passed, and 
the last remaining Branch “chapters” voted to convert 
to local section status. This brings the total of AIME 
local sections predominantly petroleum in member- 
ship to 26. 

Only nine petroleum local sections were in existence 
when the Executive Committee made its decision in 
1952 to actively encourage formation of new sections. 
Many of these sections encompassed areas which in- 
cluded hundreds of miles, making it impossible for 
members to attend meetings of their local section 
often held in distant cities. It has been the plan of the 
Petroleum Branch officers and staff to break down these 
larger territories into two or more sections, and this 
has made local section meetings more accessible to 
hundreds of members. 

Also, the plan encompassed an active program of 
establishing new local sections in areas where a suffi- 
cient number of members and prospective members are 
located. Three of the local sections organized in 1954 
were of this type. 

Still another goal of the 1952 plan was to have the 
AIME by-laws amended to allow “overlaying” local 
sections. This proposal was adopted, and now it is per- 
missible to organize a petroleum local section in areas 
where a local section exists serving members of more 
than one Branch of the AIME. Five of the sections 
organized in 1954 overlay sections serving other 
Branches. 

The establishment of the new local sections to better 
serve the Petroleum Branch membership has been an 
important consideration in the ever-increasing growth 
of the Branch. This growth is illustrated by the follow- 
ing figures, which do not include changes of status 
and student associates. 

1951—344 new members 

1952—-510 new members 

1953-691 new members 

1954—-930 new members 


Organization meetings for two new sections were 
held in early April, 1954. Executive Secretary Joe B. 
Alford met with a group in Pampa, Tex., on April 8 
to help organize the Panhandle Local Section. On 
April 9, he went to Guymon, Okla., to aid in the or- 
ganization of the Hugoton Local Section. The Pan- 
handle Section has increased its membership by 152 
per cent since its organization with 25 members. The 
hiugoton Section was formed when the Tri-State Oil 
and Gas Association voted to become an AIME Local 
Section, and 40 per cent gain has been shown in their 
membership since organization. 

The Hobbs Petroleum Section was established at a 
meeting in Hobbs, N. Mex., on April 20. One hundred 
members and potential members were present when it 
was voted to petition the AIME Board of Directors to 
allow formation of a section to overlay the Carlsbad 


Potash Section. Twenty new members have been added 
to the original 55 in this Section. 

On Aug. 26 in a meeting at Barcelona, Venezuela, 
a movement was put into motion that eventually re- 
sulted in the organization of the Venezuela Local 
Section. The organizational meeting attracted 79 per- 
sons, and the Board of Directors voted to allow this 
section to be formed to include all of the Republic 
of Venezuela. 

AIME members interested in the Petroleum Branch 
started early in the summer with plans to organize the 
New York Petroleum Section to overlay the New York 
Local Section. The Board of Directors approved their 
petition on Dec. 15. 


PANHANDLE LOCAL SECTION: Includes Texas counties of Hartley, Moore, 
Hutchinson, Roberts, Hemphill, Oldham Potter, Gray, Wheeler, Deaf 
Smith, Randall, Armstrong, Donley, Collingsworth, Parmer, Castro, Swisher, 
Hall, Briscoe, and Childress 


HUGOTON LOCAL SECTION: Includes Texas counties of Moore, Hansford, 
Hartley, Dallam, Sherman, and Ochiltree; Oklahoma counties of Cimarron, 
Texas, Beaver, and Harper; Colorado counties of Prowers and Baca; and 
Kansas counties of Morton, Stevens, Seward, Meade, Clark, Ford, Gray, 
Haskell, Grant, Stanton, Hamilton Kearny Finney Scott, Wichita, 
and Greeley. 


HOBBS PETROLEUM SECTION: Includes New Mexico counties of Lea, Eddy, 
Chaves, and Roosevelt; Texas counties of Gaines and Yoakum 


VENEZUELA LOCAL SECTION: Includes al! of the Republic of Venezuela 


NEW YORK PETROLEUM SECTION: Includes New York counties cf Bronx 
Queens, Kings, Richmond, Rockland, Nasseav, Orange, Putnam, Suffolk, 
Westchester, and Manhattan; New Jersey counties of Bergen, Essex, Hud 
son, Middlesex, Monmouth, Passaic, Morris, Somerset, Sussex, and Union 


SAN JOAQUIN VALLEY SECTION: Includes California counties of Fresno, 
Kings, Tulare, Kern, San Luis Obispo, and a portion of Santa Barbaro 


ILLINOIS BASIN PETROLEUM SECTION: Includes same area as does the 
St. Louis Local Section. 


SOUTHERN CALIFORNIA PETROLEUM SECTION: Includes the some area 
as does the Southern California Loca! Section 

Another section officially established early in 1954 
was the San Joaquin Valley Section. This group over- 
lays portions of the Southern California Local Section 
and San Francisco Section and was a subsidiary group 
of the Pacific Petroleum Chapter prior to organizing 
into a local section. Most of the work of organizing 
this local section took place in 1953, but because of 
some questions as to section boundaries it was not 
approved by the Board until early 1954. 

The only two remaining chapters within the Petro- 
leum Branch structure at the beginning of 1954 were 
the Illinois Basin Chapter and the Pacific Petroleum 
Chapter. A newly-named Illinois Basin Petroleum Sec- 
tion was approved by the Board on Dec. 15, and the 
Pacific group has voted to change to local section 
status, although the Board has had no opportunity to 
take action on their petition. 

During 1955 there will undoubtedly be other groups 
who will organize into local sections and petition for 
recognition. A minimum of 25 AIME members is re- 
quired for this action, and there are areas at this time 
with sufficient members and prospective members to 
justify the establishment of their own local sections. 
Since some of the most rewarding experiences of 
Petroleum Branch AIME membership are received 
through local section functions, organization of new 
local sections can only mean a stronger Branch com- 
posed of members with a better understanding of pro- 
fessionalism in the field of petroleum engineering. 
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PLANNING STARTED for 1955 FALL MEETING 
ORLEANS 


in NEW 


The 1953 Petroleum Branch Fall Meeting in Dallas 
attracted the largest attendance in the history of the 
Branch. The 1954 Fall Meeting in San Antonio quickly 
broke that attendance record by registering 2,302 per- 
sons. Now plans are being made for the 1955 Fall 
Meeting to be held Oct. 2-5 in New Orleans, and it is 
anticipated that again the attendance record will be 
surpassed. 

Thus the Petroleum Branch Fall Meeting has become 
one of the major annual gatherings in the oil industry. 
With the offering of some 50 selected technical papers 
in prospect for the 1955 meeting, it assumes more of 
the stature of a short course in several fields of engi- 
neering. Again this year it will offer the first presenta- 
tion of outstanding petroleum engineering papers pro- 
duced by the industry, as well as excellent entertain- 
ment for both members and their wives. 

Officers of the hosting Delta Local Section, working 
with the officers and staff of the Petroleum Branch, are 
planning all activities for the 1955 meeting on a large 
scale in order to accommodate the number of regis- 
trants expected. The Roosevelt Hotel, which has spa- 
cious meeting and dining rooms, is the headquarters 
hotel for the 1955 meeting. 

In major New Orleans hotels 1,400 sleeping rooms 
have been reserved. This number of rooms, which is 
all that could be secured, probably will not be sufficient 
to handle the large number planning to attend; there- 
fore, Delta Section committees are now canvassing top 
motels in the city to find available space for the ex- 
pected crowd. Hotel rooms will be given to those who 
make reservations earliest; others will be placed in the 
most convenient motels in the city and in some cases 
will be required to place a deposit on their rooms in 
advance. 


Room Reservation Forms 


Forms to be used in reserving rooms for the meeting 
will be mailed to all members in the near future. It has 
been requested by the chairman of the Fall Meeting 
Housing Committee that no orders be placed for reser- 
vations prior tc the sending of these forms. Also, it has 
been asked that no requests for reservations be sent 
directly to hotels, for they have been instructed to pass 
all such orders to the local Housing Committee. After 
the forms are returned to the Housing Committee, the 
hotel in which the person is placed will acknowledge 
the accommodations. On requests by a company for a 
group of rooms, 25 per cent will be placed in the head- 
quarters hotel as long as space is available and the 
remainder placed in other hotels in the city. 

All plans have been made in keeping with the prin- 
ciple of having plenty of space available for all events. 
The Roosevelt has two spacious meeting rooms located 
on the mezzanine floor, the Grand Ballroom and the 
International Room. Both will accommodate over 1,000 
rersons and will be used for technical sessions. It is pos- 
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sible that a theater close to the Roosevelt will be rented 
for use as a third meeting room. 

These large rooms in the Roosevelt also will be used 
for the two annual stag luncheons, the Welcoming 
Luncheon and the Membership Luncheon, which will 
be held on Monday, Oct. 3, and Tuesday, Oct. 4, re- 
spectively. For the annual banquet and danceson Tues- 
day evening, both of these rooms, which are separated 
only by a corridor, will be used. 


Ladies’ Activities 


Final arrangements are not complete for all of the 
ladies’ activities or for the Monday evening social func- 
tion which will be for both men and ladies. It is prob- 
able that the Ladies’ Welcoming Coffee will be held in 
the Roosevelt’s famed Blue Room. In one of the many 
interesting places in colorful New Orleans, a luncheon 
and style show will be given for the ladies on Tuesday. 

Five interconnected rooms on the mezzanine floor of 
the Roosevelt will be used as an exhibit area. These 
rooms are ideally located in the vicinity of the Grand 
Ballroom and the International Room, and will accom- 
modate approximately 30 well displayed booths. Regis- 
tration will be held in the University Room on the third 
floor of the hotel on Sunday and Monday and will be 
moved to the mezzanine floor on Tuesday and Wednes- 
day. 

The 1955 Branch Technology Committee is now 
being organized and will soon start gathering papers for 
the technical programs. L. P. Whorton, of Atlantic Re- 
fining Co., is the chairman of this committee. After 
completing the appointment of his vice-chairmen to 
assemble papers in the various fields of technology, he 
will be in charge of ensuring a balanced program for 
the meeting. 

Papers will be presented in the technical fields of 
drilling, geological engineering, natural gas engineering, 
petroleum economics, reservoir engineering, and the 
production engineering fields of production equipment, 
production operations, and well completions. The num- 
ber of papers in each of these fields to be included on 
the program will be based on membership interest in the 
various fields. 


Local Section Committees 


Vice-chairmen and the fields in which they will work 
appointed at this time are: Drilling, Roy A. Bobo, Phil- 
lips; Production Engineering, R. K. Guthrie, Seeligson 
Engineering Committee; Reservoir Engineering, A. F. 
van Everdingen, Shell, R. A. Morse, Gulf, and R. G. 
Parker, Continental. Others will be appointed to serve 
as vice-chairmen in the aforementioned fields to be cov- 
ered by papers at the meeting. 

B. L. Francis, The Texas Co., 1955 chairman of the 
Delta Local Section has appointed committee chairmen 


(Continued on Page 380) 





Branch Education Committee Develops 





TOPICS for PETROLEUM RESEARCH 


A revised list of topics for petroleum research has 


been developed under the direction of Jack Tarner. 
Phillips Petroleum Co., Bartlesville, chairman of the 
Petroleum Branch Education Committee. It is published 
below for its value to the industry. 


I. Reservoir Rock ... 


. porosity, permeability and capillary pressure 


correlated with mineral content, grain size and 
pore size distribution. 


. properties related with the properties of com- 


mon minerals that form the interstitial material. 


. property variations and their effect on produc- 


tion behavior. 


. properties as influenced by deposition. 
. heat conductivity coefficients of reservoir rocks 


having varying degrees of liquid saturations. 


Oil Field Water ... 


. analysis with particular reference to elements 


and compounds not usually determined. 


. constituents and their solubility at subsurface 


conditions. 


. simplified method for determining the presence 


and action of sulphate reducing and other type 
bacteria. 


. treatment for waterflood operations. 
. filtering for removal of solids and bacteria. 
. radioactivity. 


If. Fluid Properties... 


a. 


b. 


. Wettability and its relationship to fluid flow 


behavior. 


. wettability as it is affected by impurities and 


surface active agents in oils and brines. 


. surface and interfacial tension between oil, 


water, gas and solids as measured under sub- 
surface conditions. 


. (thermal) of complex hydrocarbon systems. 
. heat transfer coefficients between fluids and res- 


ervoir rocks under multiphase flow conditions. 


. viscosity of reservoir fluids at subsurface condi- 


tions predicted from analytical data. 


. condensate vaporization characteristics as af- 


fected by the variation in the composition of 
the heptanes plus fraction. 


.condensate composition as it is affected by 


retrograde conditions caused by pressure differ- 
entials around the wellbore. 


IV. Fluid Distribution . . . 


b. 


.in a reservoir rock as affected by varying fluid 


properties. 


.. as determined by laboratory restored state tests 


compared with actual conditions in a subsurface 
reservoir. 


. Investigation of the possibility of oil, gas, and 
water existing in equilibrium in the separate 
phases in the pores of extremely tight reservoir 
rocks. 

. as affected by diffusion of natural gas in reser- 
voir rocks. 

. as affected by supersaturation in tight reservoir 
rocks. 

.as affected by gas film adsorption in reservoir 
rocks. 


Phase Relationship . . . 


. of hydrocarbons in extreme pressure ranges 
. Standardization of sampling methods and an- 
alysis technique. 
. equilibrium methods for use in calculating re- 
covery of liquids through cycling at different 
pressures. 
d. ...of fluids entering wellbores 


VI. Displacement... 


.of oil from a porous medium by the action of 
gas. 

.of oil from a porous medium by the action of 
water. 

. of oil from a porous medium by the action of 
miscible fluids 

. tests as affected by film formation at the oil- 
water interface 

. of oil by gravity drainage 


Relative Permeability . . . 


...to oil, water, and gases as correlated with the 
properties of the reservoir rock. 

. investigation, with a view to replacing Darcy’s 
Law with a formula containing more funda- 
mental variables 

. hysteresis effect 

.as mathematically related to capillary pressure. 

. data applied to field operations 

. relationships in vugular and fractured rocks 


VIII. Field Production... 


. history as related to fluid properties 

. practices for achieving maximum oil recovery 
from thin oil columns 

. fates as they bear upon ultimate oil recovery, 
especially when the rates drop the pressure 
below the bubble point 


Secondary Recovery... 


. by water injection as predicted from tests on 
restored state or native state cores. 

. by water injection as it is affected by the free 
gas saturation of the reservoir rock. 

. by use of heat and/or combustion underground 

. by use of diluents, solvents, and chemicals 
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. Operations and the use of plugging agents 

. role of oil-water emulsions. 

. tracer compounds to determine fluid bypassing. 
. flood-water treatment. 

. use of engine exhaust gases. 

. role of detergents in water flooding 


X. Laboratory... 


. procedures for separation of gas and oil from 
composite mixtures that are more representative 
of field operations. 

. procedures for determining heptane plus content 
of small gas samples for use in recombination 
and analysis of condensate fluids. 

. correlation of electrical resistivity of cores with 
their brine content. 

. correlation of the electrical characteristics of 
saturated fresh core samples as related to meas- 
urements taken on restored state samples. 


AS Caress; 


a. ...amalysis identification of solid and semi-solid 
hydrocarbons, which by present methods of 
analysis are not distinguishable from crude oil. 

. flushing and contamination during cutting and 
withdrawal. 

. fluid content changes during collection and prior 
to analysis, including the effect of evaporation, 
bacterial action, oxidation and other chemical 
changes. 

. Measurements of effective porosity and per- 
meability in tight or fine grained reservoir rocks. 


XII. Corrosion... 


a. ... protection by use of amine solutions to sweeten 
gas. 
b. ... protection by use of alloys, linings, and inhibi- 
tors. 
. resulting from presence of bacteria. 
. inhibitors for use with high temperatures. 
. rates and inhibitor action as affected by viscos- 
ity and linear flow velocities. 
. constituent removal from engine exhaust gases 
so they can be used in fluid injection operations. 
g. ...Trates as affected by water to oil ratios. 
h. ...under scale, its cause and method for inhibiting. 


XIII. Drilling Mud... 


a. ... interaction with cement at high temperatures 
and pressures. 
. replaced by a foam or air alone. 
. additives to prevent lost circulation 
.. additive to shut off water zones. 
. physical and chemical properties as they are 
affected by aging at temperatures of 100° to 
400°. 
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.mechanism of viscosity control by tannins and 


polyphosphates. 


. mechanism of water loss contro] by starch and 


carboxymethylcellulose. 


. viscosity reducing chemicals as affected by tem 


peratures and pressures. 


. lubricity characteristics as affected by various 


additives. 


. flow properties as affected by lost circulation 


materials. 


. properties, salt water base, as affected by car- 


boxymethylcellulose and starch. 


. filtration rates as they affect drilling time. 
_ of the oil emulsion type, simulation of wall cake 


test. 


. oil base and water base, effects on wellbore 


productivity. 


XIV. Cement... 


. plugging agents for combatting lost circulation. 
. with retarded setting time. 
. with light weight and low water loss character- 


istics. 


XV. Well Logging... 


a. 


b. 


. methods for determining in place permeability 


profile of oil sands and limestones. 


. interpretations as determined by a study of the 


natural electrical characteristics of formations 
as related to logging resistances, potentials, etc. 


. interpretation for predicting productivity of oil, 


gas and water from the various formation 
measurements. 


General 


Electro deposition of asphaltic solids in reservoir 
rocks. 

Determining the presence of bacteria in muds 
Mathematical analysis of fluid fingering or by- 
passing in recycling or fluid injection operations. 
Study of surface pressure data on a regional scale 
leading to conclusions regarding: 


(1) 
(2) 
(3) 


(4) 


Regional migrations of fluids. 

Tilted water tables. 

Pressures in aquifers adjacent to depleted oil 
fields. 

A possible solution to the cause of abnormal! 
pressures in an oil province. 


A comparison of the efficiency of gas, electric, or 
diesel engines used in pumping operations. 
Electric analogues for study of sucker rod operating 
characteristics. 

Recovery of fresh water from salt water. 

Trace elements in crude oil. 

Pulsating flow in pipes. 





SUCCESS STORY — 


VIRGINIA B. DAGGETT 


There is often a story behind rou- 
tine statistical reports, which is not 
revealed in columns of figures and 
percentages. The West Central Texas 
Local Section of AIME, winner of 
1954 membership contests of both 
the Petroleum Branch and the Insti- 
tute, recently created such a story. 

During the first week of Decem- 
ber, Dalton Moore, Jr., section chair- 
man, asked the Branch office how 
the section stood in the contest, for 
announcement at its forthcoming 
dinner-dance. At that point the sec- 
tion had secured 30 applications dur- 
ing the year, showing a percentage 
increase of 31.3 and a slim lead in 
the contest. 

Within the next week the Missis- 
sippi Local Section, a strong con- 
tender throughout the year in contest 
Standings, sent in 18 applications, 
giving them a 70 per cent total in- 
crease. Judging from records of pre- 
vious years and the standings of 
other sections at that time, this prac- 
tically assured Mississippi of win- 
ning the contest, which is based on 
applications received as a percent- 
age of Jan. 1 membership. 

A few days later Chairman Moore 
called us for a new contest report. We 
wished to avoid influencing the con- 
test in any way from the Branch 
office, but we concluded that we 
were obligated to report the contest 
standings to any group interested 
enough to seek them out. We would 
have given the same information to 
any other section requesting it. 

Figures reported to the Abilene- 
headquartered group at this time in- 
dicated that about 30 more applica- 
tions would be required for them to 
win the contest, with only two weeks 
remaining in the year. This was more 
than many sections had secured all 
year, and might have been discour- 
aging from the section’s point of 
view. 

The will and ability of the sec- 
tion’s membership was not to be un- 
derestimated. Upon hearing the fig- 
ures, the chairman reflected, “We'd 
better try for 45.” The decision to 
“go for broke” was made at a direc- 
tors meeting that same day. Section 
members at large responded to the 
enthusiasm of the officers, with the 
incentive of a 16-mm projector which 
was to be awarded the winning sec- 
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tion. In the last two weeks of the 
year section members secured 59 
applications for membership, giving 
them a total for the year of 99 and 
more than doubling their member- 
ship, with 103.1 per cent increase. 

These applications were a substan- 
tial contribution toward putting the 
Petroleum Branch over its goal of 
900 new members for the year. Even 
more significantly, they demonstrate 
the potential membership that exists 
and how it can be developed by in- 
dividual members working within the 
local sections. 

Membership growth of other local 
sections during 1954 is not to be 


overlooked. Second place was won 
by the Mississippi Local Section, 
which secured 36 applications for a 
78.3 per cent increase. The Denver 
Petroleum Section placed third, with 
31 applications and 34.8 per cent in- 
crease. All contributed to 
the final figure of 930 Petroleum 
Branch applications for the year. This 
compares with 691 applications dur- 
ing 1953, a 34.6 per cent increase. 

Remarkable growth was shown 
also by several of the new local sec- 
tions formed during 1954. The Pan- 
handle Local Section was winner of 
a $100 cash prize in a separate con- 
test conducted for these new sec- 
tions. The section submitted 38 
applications for an increase of 152 
per cent since its establishment on 
April 8. 

A complete report 
standings, which space does not al- 
low publishing here, was sent to each 
local section 


sections 


on section 


Proposed for Membership, Petroleum 


Branch, AIME 


TOTAL AIME membership on Nov. 30, 
1954, was 21,692; in addition 2,011 Student 
Associates were enrolled. 

PETROLEUM BRANCH ADMISSIONS 

COMMITTEE 

F. G. Prutzman, chairman: J. H. Sullivan; 
F. C. Kelton; C. C. Harter; Virgil Harris; 
Charles Hudson. 

The Institute desires to extend its privileges 
to every person to whom it can be of service, 
but does not desire as members persons who 
are unqualified. Institute members are urged 
to review this list as soon as possible and 
immediately to inform the Secretary’s office if 
names of people are found who are known 
to be unqualified for AIME membership. 

In the following list C/ means change of 
status; R, reinstatement; M, Members: J. 
Junior Member; A, Associate Member: S, 
Student Associate. 


California 
Long Beach 
C/S-S-J). 
Sepulveda Hendrix, James Willard (M). 
Taft Gallear, Darrell Curry (J). 

Walnut Creek Goodwill, David (C/S-A-M). 
Whittier — Aker, Jimmie Rollen (C/S-A-J): 
Newman, James Lee (C/S-A-M). 

IHinois 
Carmi 
Centralia 
Flora 
M). 

Mt. Carmel 
Kansas 
Great Bend Anderson, Ted C., Jr. (J): 
Douglass, Jack Lee (J). 

Liberal King, William Roy (M). 

Pratt Evers, Raymond Barney (J). 
Wichita Harwood, Warren Kenneth (C/S- 
A-M). 

Louisiana 

Lockport Decker, Robert Martin (M) 
New Orleans Elderkin, Lawrence William 
(M); Liston, Perry Aubrey (A). 
Shreveport — Coffield. Joe Martin (C/S-A- 
M); Muirhead, David Aller (M). 

Mississippi 

Laurel Kemp, William Madison (A). 
Montana 

Billings Ambler, Harold Leon (M); An- 
derson, Maurice Cooper (J); Autry, Mark 
Paul (M); Schurtz, Francis Andrews (M). 
New Mexico 

Hobbs Disch, John Adrian (J); Peacock, 
Douglas Rex (J); Seott, Robert Philip (J). 
New York 
Schenectady 
North Dakota 
Grand Forks 
(C/S-J-M) 
Williston 


Pollock, James Vawter (R, 


Fullop, Paul (C/S-A-M). 
Martin, Paul James (J). 
Harcourt, George Kenneth (C/S-J- 


Davies, David Christopher (J). 


Suits, Chauncey Guy (M). 
Towse, Donald Frederick 


Donald (J). 
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Oklahoma 
Oklahoma City H kowsky, John S. (M) 
Jones, Tom Temple (R, M) 
Ponca City Alani, Ghalib H. (C/S-A-M) 
Shidler Austin, Homer D. (M). 
Tulsa Frar Fayette Leland (J); Groene- 
man, Austin R. (J) Lamberton, William 
John (M); M« . Leigh Spires, Jr. (C/S- 
A-M); Taylor William (M). 
Pennsylvania 
Bradford Landers, David Edgar (C/S-A 
M); Newton, Richard R. (C/S-A-M). 
Rhode Island 
Providence issman, Hyman William (A) 
Texas 
Lbilene 
{marillo Richardsor 
(J). 
ithens Pool, Ray Ernest, Jr. (C/S-S-J) 
College Station Amyx, James William (C/S 
A-M). 
Corpus Christ 
(M): Jordan John 
- Kenneth (C/S-J-M); 


Hunter, . J (M). 
Joseph Chambers, J1 


Goodson, William Clyde 
Lewis (M): Moeller, 
Wilbanks, Hugh, 


Robert Bruce (J): Gran- 

Earnest Bevil (C/S-A-M); Grissom, 
Pinkney, Jr. (C/S-A-M); Kimbler, Oscar 
Kavanah (C/S-A-M); Trout, Kye Omri, Jr. 
(R, M); Tucker, Charles William (C/S-A- 
M): Watson, John Windle (A): Wood, Sam- 
uel Osear, Jr. (C/S-J-M) 
Fort Worth Bond, Lewis H., Jr. (C/S-A- 
M). 
Hawkins Taylor, Roland D. (J). 
Houston Davis, William Henry (M): Kirk- 
patrick, Charles V C/S-A-M); Lipson, 
Leonard Berge C/S-J-M) 
Midland Courter, Clay N (M); 
Fugene Merritt (M) 
Odessa Russell, Jack Richard (A). 
Pampa Savary, George Anthony (J). 
Post Willingham, Carlton Walker (J). 
Rockport Geffs, Charles Ralph (C/S-A-M). 
Tyler Boutwell, William Bryant, Jr. (M): 
Clark, William Howard (M); Cotton, James 
Martin (M) 
Wichita Falls Balch, Sinclair (C/S-A-M): 
Canan, Thomas Clinton (M) Lewis, Roger 
Ernest (J) Speer, Lynn Dale (R, C/S-S-J). 
Wvyoming 
Caaper Garthwaite 
vey, Thomas Bray 
Stanley (C/S-A-M) 
Horne, Jesse Derward (A). 
, Sylvester James (C/S- 


Knight. 


Delbert Lee (M): Har- 
Ir. (J); Zagar, Frank 
Riverton 
Rock Springs Fishe 
\-M). 

Canada 

Virden, Manitoba 
Venezuela 
Barcelona Chase. Donald (M). 

Caracas Staub, Harrison Lee (C/S-A-M) 


El Tiare Brown, Harry DeArmon (M) 


Cleland, Noel Alfred (J) 
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JOHN J. Arps has been appointed 
vice-president in charge of the 
Economics and Evaluation Dept. of 
The British-American Oil Producing 
Co., Dallas. The native of the Neth- 
erlands was graduated from Techni- 
cal University of Delft, Holland in 
1932. He worked in Eastern Europe, 
the Far East, South America, and 
the United States with another oil 
company before joining British- 
American in 1940 as district engineer 
for their Gulf Coast area. He has 
contributed to the technical literature 
in several fields. 


Ww 


CHARLES F. HUNKINS has been 
appointed manager of geology and 
engineering of the Oil Development 
Dept., Northern Pacific Railway Co. 
The petroleum engineering graduate 
of the University of California has 
been district superintendent for a 
independent producing company 
prior to joining Northern Pacific in 
Billings as chief engineer in 1952. 


Ww 


EpWIN P. OcieER has opened of- 
fices in Shreveport as an oil and 
gas industry petroleum consultant. 
The firm, located in the Johnson 
Building, will specialize in geological 
reports, reserve estimates and ap- 
praisals, regulatory commission hear- 
ings, and reservoir engineering. Ogier 
has been a partner in the W. C. 
Spooner firm of Shreveport prior to 
the opening of this office. 


Ww 


J. ED WarREN, of The National 
City Bank, New York, has accepted 
appointment as a member of the task 
force for President Eisenhower’s spe- 
cial cabinet committee on energy 
supplies and resources policy. The 
former deputy petroleum administra- 
tor for defense will represent the 
American oil industry on the three- 
man task force. 
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[wo AIME members have recent- 
ly been promoted in the Humble Oil 
and Refining Co.’s organization. R. J. 
SCHILTHUIS has been named assist- 
ant manager of the Production 
Dept., Houston, in charge of natural 
gas production, casinghead gas 
plants, and gas transportation. He 
will also coordinate all sales of 
natural gas. JOHN G. YEAGER, gas 
superintendent, Louisiana Division, 
will be acting assistant division su- 
perintendent of the Gas Division for 
a six-month training assignment. 


T. B. CouNSELMAN, an AIME 
vice-president, has joined the firm 
of Behre Dolbear and Co. of New 
York, mineral consultants in mining, 
geology, metallurgy, and manage- 
ment. For the past 27 years he has 
been with The Dorr Co., Engineers, 
of Stamford, Conn. A member of 
the Executive Committee of the 
Board of Directors, he has held office 
as chairman of both the Chicago and 
New York AIME sections and has 
served as vice-chairman of the Iron 
and Steel Division and chairman of 
the Milling Methods Committee. 


JAMES D. HUGHEs, general sales 
manager and director of Lane-Wells 
Co., has been made a vice-president. 
He is also vice-president and director 
of Lane-Wells Canadian Co. and a 
director of Well Surveys, Inc. of 
Tulsa. He joined Lane-Wells in 1941 
and was Gulf Coast division sales 
manager in Houston. In 1945 he was 
transferred to Los Angeles in the 
position of sales manager. 


GEORGE C. HOLLINGER has recent- 
ly been promoted to the position of 
assistant chief engineer of The Car- 
ter Oil Co. in Tulsa. He formerly 
was located in Shreveport serving in 
the capacity of division engineer with 
Carter. 


P. B® hs. Ripe 8 


RicHARD A. Morse has accepted 
the position of associate director of 
research with the Gulf Research & 
Development Co., Pittsburgh. He 
formerly was reservoir engineering 
research section supervisor at Stano- 
lind Oil and Gas Co. He received 
his BS in petroleum engineering from 
University of Oklahoma and his MS 
from Pennsylvania State University. 


Jay P. Simpson has been appoint- 
ed manager of Gulf Coast Sales and 
Service Laboratory of Baroid Divi- 
sion, National Lead Co. He formerly 
was supervising the work of this 
department and was responsible for 
Baroid’s drilling mud technology 
training program. He is a graduate 
in chemical engineering from Rice 
Institute and has worked for Baro! 
since 1946. 

Ww 


TRUMAN BRANSCUM, president of 
the Petroleum Engineering Club, an 
AIME affiliate society at Oklahoma 
A&M, was recipient of the Socony 
Vacuum Scholarship in Engineering 
for the Fall Semester, 1954. Bran- 
scum was graduated in January, 
1955, with a degree in petroleum en- 
gineering. He has an A- average in 
college and is a member of Sigma 
Tau. 


w 


C. R. OLSON, JR., sales engineer 
for Dowell Incorporated, has opened 
a new office for Dowell in the Fidel- 
ity Union Bldg., Dallas. Olson, who 
has been with Dowell since 1947, 
transferred to Dallas from the Okla- 
homa City office. wk 


Necrology 


Vernon Arthur Gilles, 68, noted Billings 
geologist, died recently. He was a graduate 
in mining engineering of the University of 
Oregon. Since April 1940, he had been chief 
geologist for the Northern Pacific Railway 
Co. with headquarters in Billings. He was 
elected to the AIME in 1917. 

Date 
Elected Name 

1948 M. B. Willey 

1923 Silas L. Gillan 

1945 Lawrence Vander Leck 

1953 John E. Wilcox 


Date of Death 
Unknown 
Nov. 9, 1954 
Unknown 
Unknown 
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Scratchers 
remove mud 
cake, and here 
is how to 
prove it 

Run B and W 


* Scratchers on your 
casing. 
Move the casing 
“after it reaches 
bottom. 


3 Circulate until re- 
turns from bottom 
reach the shaker 


M\ 


Nu-Coil Scratcher 


WwW 


MULTI-FLEX 


SCRAT( 


B« 


Well Com; 


Lf OAST 


A 


Phone WE-6603 


HER 


Bar 
Rotating Scratcher 
THERE IT IS! .. 


You will see all the 
evidence you need to 
convince you that B 
and W Scratchers and 
Centralizers have condi- 
tioned the hole 


fol ?GOOD 
CEMENT JOB 


W luce. 


sletion Specialists 


)AST 


Phone PL-6-9101 


MEET the AUTHORS 





FRANK W. JESSEN received his 
BS, MS and PhD degrees from the 
University of Texas. From 1933 un- 
til 1944 he was supervisory engineer 
of Humble’s Production Service Lab- 
oratory. During 1944 and 1945 he 
worked with Petroleos Mexicanos in 
Mexico City. He then returned to 
Houston to work as a consultant 
and with Associated Engineers, Inc. 
Now he is professor of petroleum 
engineering at the University of 
Texas. 


i 


JOHN C. MILLER received a BS 
degree from Stanford University in 
1951 and a MS degree from The 
University of Texas in 1953, both 
degrees in petroleum engineering. He 
is presently a junior petroleum en- 
gineer for the Stanolind Oil and Gas 
Co. 


BospBy L. LANDRUM received his 
BS and MS degrees in physics at 
A and M College in 1949 and 1950. 
He is now associated with the Texas 
Petroleum Research Committee and 
is engaged in work on heterogeneous 
and fractured reservoirs. 











PauL B. CRAWFORD received his 
BS from Technological Col- 
lege and his MS and PhD degrees 
in chemical engineering from the 
University of Texas. Prior to accept- 
ing his present position in 1952 
assistant director of Texas Petroleum 
Research Committee, he worked with 
American Cyanamide and Chemical 
Corp. and Magnolia Field Research 


Laboratories 


Texas 


as 


GENE E. ROARK, vice president of 
James A. Lewis Engineering, Inc., 
received his degree in petroleum en- 
gineering Tulsa University in 
1942. He the Atlantic Refin- 
ing Company’s petroleum engineer- 
1943 and was 
the reservoir 
the time he 
position with 
1951 


from 


joined 


ing department in 
in 
al 


present 


assistant Supervisol 


enginee! ing section 
accepted his 


Lewis Engineering in 


J. D. LINDNER, petroleum reser- 
voir for James A. Lewis 
Engineering, Inc., received his BS 
in physics from the University of 
Kentucky 1948. After a_ short 
period as a well logging engineer, he 
went with Lewis Engineering. Since 
1951 he has been working as reser- 


engineer 


In 


voir enginee! 
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JoseEPH E. WARREN received his 
BS in petroleum engineering from 
the University of Pittsburgh in 1951. 
After working in the Research Dept. 
of Stanolind in Tulsa he enrolled in 
Pennsylvania State University in 
1952 and completed requirements 
for his MS degree. Now he is work- 
ing towards his PhD and holding a 
Continental Oil Co. fellowship. Dur- 
ing a portion of his master’s pro- 
gram, he held a Stanolind fellow- 
ship. 


JoHN C. CALHOUN, JR., received 
his BS, MS, and PhD degrees in pe- 
troleum and natural gas engineering 
from Pennsylvania State University. 
He was employed at Penn State from 
1937 to 1946, then went to the Uni- 
versity of Oklahoma as chairman of 
the School of Petroleum Engineer- 
ing. In 1950 he returned to Penn 
State as head of the Dept. of Petro- 
leum and Natural Gas. In addition 
to his consulting work and his pub- 
lication of some 50 technical papers, 
he has authored a book entitled 
Fundamentals of Reservoir Engineer- 
ing. 


RICHARD L. PERRINE is now proj- 
ect leader engaged in well stimula- 
tion research in the Oil Field 
Research Div. of the California Re- 
search Corp. Prior to joining Cal 
Research in 1953, he was graduated 
from San Jose State College and 
Stanford University, receiving his 
MS and PhD in physical chemistry. 
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Montana Mines Forms 
New Petroleum Society 


\ Petroleum Section of the An- 
derson-Carlisle Technical Society has 
been formed at Montana School of 
Mines in Butte. J. Sherrold Moore 
is president of the new section, and 
D. H. Harnish, Jr., assistant pro- 
fessor of petroleum engineering, is 
the sponsor. 

[he reorganization of the Ander- 
son-Carlisle Technical Society has 
resulted in the formation of a unique 
student chapter plan which is similar 
to the branch structure of the AIME. 
Three sections were formed to func- 
tion under the Anderson-Carlisle So- 
ciety, a mining section, a petroleum 
section, and a metallurgical section. 

The proposal to reorganize in this 
manner was formulated and recom- 
mended by the petroleum engineer- 
ing students to the Anderson-Carlisle 
Technical Society, which accepted it 
and rewrote the constitution to allow 
the plan to be put into operation. 


Illinois Waterflood 
Operations Covered by 
Inierstate Pamphlet 


[he Interstate Oil Compact Com- 
mission announces the publication of 
a new pamphlet on waterflood opera- 
tions for the State of Illinois. Copies 
may be obtained by writing to the 
Headquarters Office, Box 3127, Ok- 
lahoma City 5, Okla. 

“Summary of Waterflood Opera- 
tions in Illinois Oil Pools During 
1953” is a project of the Illinois 
State Secondary Recovery and Pres- 
sure Maintenance Study Committee, 
the Illinois State Geological Survey, 
and the Secondary Recovery Divi- 
sion of the Interstate Oil Compact 
Commission. 

This report supplements four pre- 
viously issued reports of waterflood 


operations in Illinois. 


Petroleum consultants are finding 
that professional cards published in 
the JOURNAL OF PETROLEUM TECH- 
NOLOGY carry prestige and attract 
This card 
space is available to AIME members 


business. professional 


only. Adv 


Kansas Local Section 
Holds Symposium On 
Formation Fracturing 


A Symposium on Formation Frac- 
turing was presented by the Kansas 
Local Section and sponsored by the 
Kansas Geological Society and the 
Kansas Independent Oil and Gas As- 
sociation in December. The meeting. 
held in Wichita, featured two re- 
search papers and approximately 250 
persons attended. 

“Estimated Production Rates and 
Waterflooding Recoveries from Com- 
mercially Fractured Reservoirs” was 
presented by R. E. Collins, Stano- 
lind, and Paul B. Crawford, Texas 
Petroleum Research Committee. Cal- 
culated results and model studies 
showing the effect of the length and 
number of vertical fractures on well 
production capacities were given in 
this paper. Other information pre- 
sented was: production rates ex- 
pected from non-linear or crooked 
fractures under varying pattern con- 
ditions; a comparison made of the 
flooding break-through times of hor- 
izontally fractured thin reservoirs 
prior to and after fracturing; and 
the effect on sweep efficiencies. 

“Development and Application of 
Vertifrac” was the paper given by 
Henry F. Coffer, Continental Oil Co. 
He explained the development of 
Vertifrac, which fractures vertically 
by using a non-penetrating fluid such 
as oil base mud. Covering field tests, 
he stated that the average increase 
in production has been from three 
to six-fold. 

An hour and one-half panel dis- 
cussion followed these presentations. 
Panel members were: Collins; Cof- 
fer; Frank Kaul, Halliburton; S. R. 
West, Dowell; and James R. Paul, 
moderator, Dowell. 


BACK VOLUMES AVAILABLE 
Copies of Petroleum Transactions 
Volume 195 covering 1952 and of 


Volume 5 covering 1950 of Sta- 
tistics of Oil and Gas Development 
and Production are available through 
the Petroleum Branch office in 
Dallas. 








SOUTHWEST TEXAS SECTION 
PLANS STUDY GROUP MEETINGS 


The Southwest Texas Local Section has organized 
a Study Group which will meet each month at 5 p.m. 
preceding the regular local section meeting. The first 
of a series of sessions on completion and production 
practices was held on Feb. 16 and featured a discus- 
sion of “Fracturing in the Frio Formation.” 

The second Study Group meeting will be held at 
5 p.m. on March 16, prior to the Local Section meet- 
ing. “Fracturing in the Wilcox Sand” will be the topic 
for study at the meeting which will take place in Wilson 
Tower, Corpus Christi, in the Humble Oil and 
Refining Co.’s conference room. 

The nine-man committee which is handling plans 
for the Study Group is composed of: Don D. Lewis, 
chairman, Crutchfield & Pruett, Corpus Christi; R. H. 
Denman, Southern Minerals, Corpus Christi; R. C. 
Granberry, Jr., Humble, Corpus Christi; Lester K. Moel- 
ler, Stanolind, Corpus Christi; Joe A. Peery, Sunray Oil 
Corp., Corpus Christi; Dick Person, Pan-American, 
Clarkwood; C. A. Sullins, Union Producing Co., Bee- 
ville; Ivan Tucker, Atlantic, Corpus Christi; and George 
S. Wilson, Magnolia, Alice. 


STUDY GROUP IN DALLAS 
PLANS SPRING SESSIONS 


The schedule for the Spring Study Group Meetings 
of the Dallas Local Section has been released. They 
will be held at 7:30 p.m. in the Fondren Science Build- 
ing, Southern Methodist University. General subject for 
the series is “Reservoir Principles and Reservoir 
Engineering.” 

On Feb. 3, W. L. Horner and other representatives 
of Core Laboratories talked on “General Reservoir 
Mechanics and Principles.” Specific subjects covered 
were: reservoir forces and controlling factors; prop- 
erties and characteristics of reservoir fluids and rocks: 
and problems in fluid movement and recovery. 

Gladstone Stewart, of DeGolyer and MacNaughton, 
will speak on “Principles and Mechanics of Gas Drive 
Reservoirs” on March 3. On April 7, J. J. Arps, vice- 
president of British-American Oil Co., will talk on 
“Principles and Mechanics of Complete Water-Drive 
Reservoirs.” 

The May 5 meeting will feature a speaker from the 
Atlantic Refining Co. “Principles and Mechanics of 
Gas and Gas-Condensate Reservoirs” will be the sub- 
ject of this meeting. 


Production Histories Booklet Published 


Using information from the Petroleum Branch’s pub- 
lication of Statistics of Oil and Gas Development and 
Production through 1952 and additional facts from the 
Texas Railroad Commission, the Second National Bank 
of Houston has published a 52-page study entitled 
“Production History of the Principal Oil Producing 
Formations in Arkansas, Louisiana, Mississippi, New 
Mexico, and Texas.” 

Producticn history is given for 18 principal oil pro- 
ducing formations in the five state area. Recovery: in 
barrels per acre and barrels per foot are presented on 
each field. The study can be obtained by writing P. O. 
Box 2629, Houston 1, Tex. 


TWO-DAY PETROLEUM MEETING 
SCHEDULED for MAY 26-27 by 
ROCKY MOUNTAIN SECTIONS 


A major petroleum meeting has been planned by 
AIME sections in the Rocky Mountain area for May 
26-27, 1955. The two-day Joint Meeting of Rocky 
Mountain Petroleum Sections will be held in the Shirley 
Savoy Hotel, Denver. 

The Denver Petroleum Section, the Billings Petro- 
leum Section, and the Wyoming Local Section are 
cooperating in arranging this meeting. Tentative plans 
indicate that the meeting will be organized so as to 
attract and accommodate several hundred persons and 
will be staged in a manner similar to the Petroleum 
Branch Fall Meeting. 

Papers are now being solicited for presentation at 
technical sessions, and preprints of them will be pre- 
pared by the Petroleum Branch office in Dallas. Exhibit 
space, registration, and entertainment functions are 
planned. 

Committee chairmen for the meeting are: R. L. 
Hoss, Midwest Oil Corp., general chairman; W. E. 
Bryan, The Texas Co., Arrangements; John W. Tynan, 
Continental, Program; R. S. Cooke, Union Oil Co., 
Housing; R. W. Snead, Eastman Oil Well Survey Co., 
Exhibits; E. A. Polumbus, Jr., consultant, Entertain- 
ment; Billy F. Burke, Carter, Registration; and Gordon 
Jackson, Eastman, Finance and Publicity 


1955 BRANCH FALL MEETING 


I 


(Continued o1 


and vice-chairmen to be responsible for Fall Meeting 
activities. They are, with the chairman listed first, fol- 
lowed by the vice-chairman: Arrangements Committee, 
A. L. Vitter, Jr., The California Co., and Harold Win- 
ham, Shell; Entertainment Committee, W. B. Vice, 
Southern Technical Service, Inc., and W. H. Ashby, 
The California Co.; Finance Committee, John J. Metz- 
ger, Jr., Monterey Oil Co., and Keith J. Ebner, The 
Texas Co.; and Registration Committee, Charles Doh, 
Schlumberger, and E. H. Leeman, Shell. Charles A. 
Capps, Wilson Supply Co., is the chairman of the Hous- 
ing Committee, to whom all requests for rooms will be 
mailed after appropriate forms are distributed, and his 
vice-chairman is Don T. Wise, The Texas Co. 

Officers for the Delta Local Section in 1955 who will 
work directly with the various Fall Meeting Commit- 
tees are, in addition to B. L. Francis, chairman: B. W. 
Aulick, Halliburton, first vice-chairman; W. D. Clift, 
Humble, second vice-chairman; E. H. Leeman, Shell, 
secretary; Keith J. Ebner, The Texas Co., treasurer; and 
Fulton Olivier, Humble, Journal secretary. Directors are 
A. L. Vitter, Jr., The California Co.; R. A. Aucoin, 
Humble; D. D. Utterback, Freeport Sulphur; Charles 
Blomberg, The California Co.; Harold Winham, Shell: 
Max Clayton, Shell; and John Metzger, Jr., Monterey. 

With New Orleans as the first class attraction as the 
convention site, undoubtedly the 1955 Fall Meeting will 
be one that many members will look forward to attend- 
ing. Well-planned technical and social programs prom- 
ise to make this 1955 Fall Meeting an educational ex- 


perience gained in a holiday atmosphere. R. W. TAYLOR 
wk 
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Non-lubricated cylinders plus automatic controls for 
unattended operation are just two of the advan- 
tages offered by this 2-cylinder Cooper-Bessemer 
M-Line compressor in operation at the Muskegon, 
Michigan, plant of The Old Dutch Refining Com- 
pany (leased by Avrora Gasoline Company) where 
the UOP Platforming process is in use. 


"HYDROGEN COMPRESSES CLEAN" 
with Cooper-Bessemer's non-lubricated cylinders 


ECYCLING millions of cubic feet of hydrogen a day 

for the UOP Platforming of low-octane gasoline, 
demands continuing efficiency from a smooth working 
compressor that will not contaminate the recycle hy- 
drogen. That is one of the reasons why The Old Dutch 
Refining Company, leased by Aurora Gasoline Company, 
recently installed a 2-cyclinder Cooper-Bessemer FM 
compressor in their modern plant in Muskegon, 
Michigan. 


To avoid contaminating hydrogen with oi! in the re- 
cycle gas, Cooper-Bessemer successfully developed a 
non-lubricated compressor cylinder. 


Operating against micro-smooth hardened cylinder 
liners, these 8” diameter carbon pistons require no 
lubrication whatever. With a mirror finish, the cylinder 
bores reveal no excessive wear. 


DIESELS @ GAS ENGINES @ GAS-DIESELS @ 


No matter how exacting or complex your compressor 
problems, check the advantages offered by Cooper- 
Bessemer M-Line compressors. For dependability and 
money-saving operation, you can rely on Cooper- 
Bessemer — one of America’s oldest engine builders 
offering the latest in engineering advancements. 


MOUNT VERNON, OHIO 


COOPER-BESSEMER 


GROVE CITY, PENNA. 


New York City © Seattle, Wash. © Bradford, Pa. ® Chicago, lil. 

Houston, Dallas, Greggton, Pampa and Odessa, Texas 

Washington, D. C. © Shreveport, la. © San Francisco, Los 

Angeles, Calif. © St. Lovis, Mo. © Gloucester, Mass. © New 

Orleans, la. ® Tulsa, Okla. © Cooper-Bessemer of Canada ltd., 
Edmonton, Alberta—Halifax, Nova Scotia. 


ENGINE-DRIVEN AND MOTOR-DRIVEN COMPRESSORS 








PROFESSIONAL SERVICES 


This space available only to AIME members 


Rates Upon Request 





AMSTUTZ AND YATES, INC. 


Petroleum Engineers and Geologists 
Estimates of Oil and Gas Reserves 
Property Valuations, Reservoir Analyses 
Geologic Investigations 


406 KFH BLDG., WICHITA 2, KANS. 








E. L. ANDERS, JR. 


Consulting Petroleum Engineer 
Secondary Recovery 
Reservoir Analyses 

Oil Property Management 
231 Windsor Hotel 
ABILENE, TEXAS 
Phone: 3-225) 








BALL ASSOCIATES 
OIL AND GAS CONSULTANTS 
Max W. Bal! Douglas Bal! 
Rex E. Cheek Taber de Polo 
1025 VERMONT AVENUE, N.W 
WASHINGTON, D.C. 








J. HOWARD BARNETT 
PETROLEUM CONSULTANT 


Casper National Bank Bidg. Phone 2-1758 


113 East Second St Casper, Wyoming 








ROBERT M. BEATTY 


Consulting Geologist 


Esperson Building Houston 2, Texas 








W. RUSSELL BIRDWELL 


Consulting Petroleum Engineer 
PHONE 6-6601 BOX 1348 


Frontier Oil & Gas Bidg 
McALLEN, TEXAS 








BRADLEY, OLIVER AND 
ASSOCIATES 
PETROLEUM CONSULTANTS 
Geology. Engineering and Management 


3300 Republic Bank Bidg. 
Dallas, Texas $T-5331 








Oil and Gas Reserves — Appraisals 
Flooding — Technology 


J. RANDOLPH BUCK 


Petroleum Engineer 
National City Bidg. 
DALLAS, TEXAS 


STerling 1688 








JOHN G. CAMPBELL 


Analytical and Petroleum Chemists 
Podbielniak and Charcoal Analyses 
Woters - Oil Field Brines 
Field Sampling 


PHONE: 4-307) CORPUS CHRISTI, TEXAS 





CHEMICAL & GEOLOGICAL 
LABORATORIES 
Consultants Investigations 
James G. Crawford 
George W. Davis, Jr 
P. O. BOX 279 


Evaluations 
Petroleum Engineer 
Petroleum Engineer 
CASPER, WYOMING 








CRUTCHFIELD AND PRUETT 


CONSULTING PETROLEUM ENGINEERS 
Wilson Tower 
CORPUS CHRISTI, TEXAS 
John W. Crutchfield Horton T. Pruett 
Donald D. Lewis 








EARLOUGHER ENGINEERING 


Petroleum Consultants - Core Analyses 
Specializing in Secondary Recovery 
Investigations - Appraisals - Operations 
3316 East 21st St. 

TULSA 14, OKLAHOMA 
Phone: 9-6345 








EASTON & SACRE 


Consulting Petroleum Engineers 


E. M. Easton 
L. P. Sacre, Jr 
H. M. Allen 


1716 Oak Street Phone FAirview 5-5026 
BAKERSFIELD, CALIFORNIA 








WARD M. EDINGER 


Consulting Petroleum Engineer 
Secondary Recovery 
Oil and Gas Reserves 
Reservoir Analyses 
729 Hightower Building 
Oklahoma City, Okle FO-5-1421 








FITTING & JONES 
Engineering and Geological Consultants 


Ralph U. Fitting, Jr 
J. R. Jones 
T. W. Hassell 


Petroleum 
223 S. Big Spring St 
Phone 4-445] 


Notural Gas 
Box 1637 
Midland, Texas 








ROBERT D. FITTING 


Petroleum Consultant 
Engineering and Geology 
MIDLAND, TEXAS 


201 West Building Phone: 4-4922 








MICHEL T. HALBOUTY 
CONSULTING GEOLOGIST 
AND PETROLEUM ENGINEER 
Shel! Building 


Houston 2, Texas Phone PR-6376 











HARRELL DRILLING 
AND 
OIL COMPANY 


Contract Drilling — Production 
Geological Appraisals 
MELROSE BUILDING 

HOUSTON, TEXAS 








GEORGE A. HOCH 


Thin Section Technician 
Unconsolidated Materials a Specialty 
Standard ond Vacuum impregnated Sections 
DEPT. OF GEOLOGY 
FRANKLIN & MARSHALL COLLEGE 
LANCASTER, PA 








E. W. HOUGH 
Emulsion and Paraffin Problems 
Box 7547 University Station 


Austin, Texas 








KELLER & PETERSON 


Petroleum Consultants 
Reserve Estimates Reservoir Analysis 
Petroleum and Geological Engineering 
902 W. T. WAGGONER BLDG 
FORT WORTH, TEXAS 
Phone: FOrtune 4340 
W. O. Keller L. F. Peterson 








R. W. LAUGHLIN 


Well Elevations 
Laughlin-Simmons & Co 
2010 S. Utico 
TULSA 4, OKLAHOMA 








Leibrock & Landreth 


Consulting Petroleum Engineers 
Valuations — Reservoir Analyses 
Proration — Geological Investigations 
Property Management — We!!l Completions 
WILKINSON-FOSTER BLDG 
MIDLAND, TEXAS 
Phone 2-7500 P. ©. Box 605 
George H. Landreth R. M. Leibrock 








MARTIN, WILLIAMS & JUDSON 
PETROLEUM CONSULTANTS 


Engineering - Geology - Management 
131 Central Bidg Phone 2-5216 


MIDLAND, TEXAS 
William H. Martin R. Ken Williams 
Edward H. Judson 








WAYNE L. McCANN 
Petroleum Engineering and Geology 
SHREVEPORT, LOUISIANA 
Petroleum Building Phone: 2-8023 








M. M. MONTGOMERY 


CONSULTING PETROLEUM ENGINEER 
Valuations, Drilling, Well Completions 
Production, Workovers 
Property Management 

Hapip Bidg Williston, 
3-4642 North Dakota 








JOHN A. NEWMAN 
Reserve Estimates, Property Valuations 
Reservoir Analysis 


319 Gulf Building Houston 2, Texas 














NOWLAN-DODSON 
ENGINEERING, INC. 


Reservoir Analyses - Water Flood Projects 
Natural Gas Engineering 
Gas Storage Reservoirs 
EVANSVILLE, INDIANA 
319 COURT BUILDING PHONE 5-8154 
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OILFIELD RESEARCH 


Core Analysis Reservoir Engineering 


1907 DIVISION, EVANSVILLE, 


INDIANA 
Phone: 7-1508 (Night 6-0608 or 6-4882) 
Service Laboratories 
Mt. Vernon, Ill. Paintsville, Ky. 
Phores: Day 5131 or Night 1160 


ERNEST K. PARKS 
CONSULTING PETROLEUM ENGINEER 
Pianning, Direction and Examination of 
Oilfield Operations, Estimates of Oil and 

Gas Reserves, Oil Property Valuation 
306 N. Cliffwood Ave., Los Angeles 49, 
California 
Telephone: Arizona 34832 














PETROLEUM CONSULTANTS 


Engineering and Geology 
E. O. Bennett James O. Lewis 
D. G. Hawthorn M. D. Hodges 
1552 Esperson Building Houston 2, Texas 








PETROLEUM ENGINEERING 
INCORPORATED 


Petroleum and Geological Engineering 
Core Analysis - Appraisals 
Development and Operation of 
Water Flood Projects 
ROBINSON, ILLINOIS BOX 239 








PETROLEUM TECHNOLOGISTS 


Production Research - Core Analysis 
Secondary Recovery 


868 Truckway, Montebello, Calif. 
NORRIS JOHNSTON PArkview 1-5338 








PISHNY AND ATKINSON 


Engineers and Geologists 
Valuation of Oil and Gas Properties 


2412 Continental Life Bidg. 
FORT WORTH, TEXAS 
Chas. H. Pishny Burton Atkinson 








HARRY H. POWER 
Oil and Gas Consultant 


Box 7542 University Station 
Austin, Texas 








E. E. REHN 
Consulting Petroleum Geologist 
Oil Exploration 


Wood Building, 624 Locust Street 
EVANSVILLE, INDIANA 








R. WAYNE RUSSELL 
PETROLEUM CONSULTANT 


Geology, Engineering and Management 
625 Reserve Loan Life Bidg., Dallas, Texas 
Phone ST-3020 





Back Volumes Available 
SUBSURFACE A supply of copies of Petroleum 


ENGINEERING COMPANY Branch, AIME Transactions Volume 
Experts in Field Testing, Sampling and 195 covering 1952, and of Volume 


Aasivelan & ; ; ; . ce : 
a ee ae 5 covering 1950, of Statistics of Oil 
WRIGHT PETROLEUM LABORATORY and Gas Development and Produc- 
Home Office: Box 1827, Tulsa * ° 
Frank Purdum tion are available. 








TORS & ARNE ree CHARLES C. (RUSTY) WILLIAMS 
Geological, Petroleum Engineering and 
Management Consultants Geologist — Geophysicist 

E. Trafford Phones Williams Seismograph, Inc. 


R. Pot Wales Hotel Bidg 692591 hy -7274 
J.B. Newland ‘10th Floor 61212 2 Se Geet Se — 


K. R. Stout Calgary, Alberta 61224 WICHITA, KANSAS 




















JOHN HOWARD SAMUELL 


Specializing in Bank Valuations 
Geologist and Petroleum Engineer 
Compton Building Box 732 


Phone 4-4493 and 4-4597, Abilene, Texas 








WM. H. SPICE, JR. 
Consulting Geologist 
2101-03 Alamo National Building 
SAN ANTONIO 5, TEXAS 
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BAASH-ROSS SAFETY CLAMPS 


are recognized as the best protection for 
preventing drill collars and other flush- 


j 
t 


operations. 


They are also unmatched in their adapta- 
bility to various other rig operations... 


the tool that pays its way Ge over and over again 


... in well protection 


... inall around utility 


oint equipment from accidently dropping 
hrough slips and causing costly fishing 


> They can be used as elevator 
shoulders for supporting liners, 
flush joint pipe and similar 
hard-to-handle equipment. 


7 They can substitute as elevators 
for handling large diameter 
surface p?e. 


p They can be inverted to “hold- 
down” against flotation of sur- 
face pipe during cementing. 


p They simplify handling of 
drilling risers and casing heads 
during installation. 





..and they have many other valuable 


applications. 














BAASH-ROSS TOOL COMPANY 
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VISION OF JOY MANUFACTURING COMPANY 
Los Angeles... Houston...Oklahoma City...Odessa...Casper...Canton, O....New York C 
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"DULG ASS 
ADJUSTABLE 


CONTROLS INITIAL 
FLOW OF FLUID | 


REDUCES SHOCK 
WHEN TESTER OPENS!.. 


one of the many reasons why 


HALLIBURTON’S BEST 
FOR YOUR DRILL STEM TEST 


When high pressures are met in making a test, you want a tool that 
provides the greatest degree of safety and the best control of the well. 
That tool is Halliburton’s Hydraulic Adjustable Choke. 


It’s the most dependable shock absorber ... automatically adjusts 








to sudden pressure and flow of fluids when testing tool opens, provides a 





gradual release through choke openings of 4%” to 46” to 34” to full. 





This helps protect packer from severe shock, helps prevent sloughing 





of formation, and aids in obtaining valuable data for well completion. 
The Hydraulic Adjustable Choke is run in on top of the Hydro-Spring 
Tester and adds to many things on the testing string that make 
Halliburton Best for Your Drill Stem Test. Get this safer test; make 
your job easier, better, more successful with just one phone call to your 


local or district office of the Halliburton Oil Well Cementing Company. 
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TOOL COMPANY 


HOUSTON, TEXAS 


WORLD STANDARD 
OF THE INDUSTRY 








The clockwork delivery of 


‘HUGHES bits to your rig is 


assured before you spud in. 


This is made possible by 
the 400-man HUGHES field 
service organization working 
closely with operators in every 
drilling area in the United 
States and Canada. Their com- 
bined estimates become the 
basis on which HUGHES’ man- 
ufacturing schedules are set up. 


That’s why bits of the cor- 
rect sizes and types move into 
our strategically located ware- 
houses well in advance of 
actual requirements . . . and 
why you can depend on your 
HUGHES field service man to 
have the right bits on your 
rig at the right time. 





Profit from 


this expertence 


ES re 





Hughes Flash-Weld tool joints are veterans 
of the oil patch! Since 1938, more than one 
million HUGHES Flash-Weld tool joints 
have been used in unitizing over 32,000,000 
feet of drill pipe. 

The performance records of these joints 
in thousands of wells prove they make the 
most dependable drill stem you can run in 
your well. And that they cost you less per 
foot of hole drilled! 

When you specify HUGHES you get the 
original Flash-Weld tool joint...and the 
drilling industry’s greatest flash-welding 


experience. 


FLASH-V) 
A DEVELOPMENT 
OF 


&> 
HUGH! 


TOOL COMPANY 


HOUSTON TEXAS 





The JOURNAL will post notices of 
men and jobs available. Companies 
and AIME members are invited to 
use this space, for which there is 
no charge. Except as noted below, 
address replies to: Code (appropriate 
number), JOURNAL OF PETROLEUM 
TECHNOLOGY, 800 Fidelity Union 
Bldg., Dallas 1. These replies will be 
forwarded unopened and no fees are 
involved. 


PERSONNEL AVAILABLE 


yy Industrial Fellowships and _ state 
sponsored research positions avail- 
able. If interested and qualified with 
BS or equivalent in petroleum en- 
gineering, send resume of education 
and experience to Graduate Advisor, 
Dept. of Petroleum Engineering, 
University of Texas, Austin 12, Tex. 


yy Petroleum Engineer, 28, with four 
years’ experience in drilling, produc- 
ing, and reservoir engineering. Now 
employed with major oil company. 
Prefers to work in West Texas area. 
Code 234. 


yy Petroleum Engineer, registered in 
Texas, desires position with a finan- 
cial institution. Experienced in res- 
ervoir valuation. Engineering degree 
with 12 years’ experience with oil 
companies. Now with reservoir engi- 
neering and valuation company. 
Married, two children. Code 235. 


POSITIONS 


yy Gas Engineer under 30 years of 
age. Engineering degree with oil and 
gas experience. Permanent employ- 
ment with large gas company. Be- 
ginning salary under $500. Code 577. 


jy Petroleum Engineer, under 35, 
drilling and production work in 
Rocky Mountain area with compact 
but enterprising independent opera- 
tor with excellent financial structure. 
Salary dependent upon experience 
and qualifications. Send detailed ex- 
perience record. Code 569. 


yy Petroleum Engineer, with MS or 
PhD in chemistry, mechanical or 
petroleum engineering, for research 
and teaching in reservoir mechanics 
and related fields at rapidly growing 
southwestern institution. Rank and 
salary open, 12 months employment 
possible, consulting work encouraged 
and available in immediate areas. 
Applications will be kept confidential. 
Code 572. 
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EMPLOYMENT NOTICES 


¢ Major Oil Company has openings 

in New York City and in its foreign 
operations for graduate petroleum 
engineers with experience, and for 
recent graduates in this field to per- 
form engineering work in develop- 
ment, production, drilling, process 
and oil and gas engineering on pri- 
mary and secondary recovery. Write 
giving full particulars regarding 
personal history and work experi- 
ence. Code 573. 


yy Petroleum Engineer or Geologist, 
age 25-32, for reserve estimates, val- 
uation work, analysis oil and gas 
securities and financial studies. Must 
be experienced in preparing reports 
and have ability for original think- 
ing and fluent writing. Location, 
New York City, with small, rapidly 
growing professional organization 
where work load is heavy. Send let- 
ter detailing education, experience, 
work samples (if available) and sal- 
ary expected. Code 574. 


3 Medium-sized oil company with 
expanding engineering program has 


HUNTINGTON 


Openings for several petroleum engi- 
neers with one to three years’ ex- 
perience. Duties will involve produc- 
tion and basic reservoir engineering 
to include secondary recovery and 
pressure maintenance operations as 
well as drilling and workover opera- 
tions at field and/or district level. 
Location: West Central Texas. Code 
575. 


sv Major university seeks applicants 
for teaching positions up to and in- 
cluding tull professorship. Salary up 
to $8,500 for the school year de- 
pending upon qualifications. Reply 
giving full details, age, professional 
experience, academic record, publi- 
cations, references. Code 576. 


sy Expanding major gas pipe line 
company with production headquar- 
ters located in southwestern Kansas 
seeks graduate petroleum engineer 
for work in their reservoir engineer- 
ing department. Work involves cal- 
culating gas reserves, evaluating acre- 
age and preparing economic studies. 
Code 578. 


The most 
flexible, least 


expensive 
method of 
pumping oil 
wells is the 
Kobe free pump 
system. 


PAR K CALIFORNIA 
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_ FILL YOUR CASING AUTOMATICALLY 


~... from the bottom...while if’s being run 
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Baker DIFFERENTIAL FILL-UP Shoe, 
Product No. 1081. 


Aq>Flapper Valve functions only at discretion 
“of operator. 

B—Sleeve Valve operates to contro! rate of 
flow and volume of ‘“‘fill-up”’ fluid. 

C—Sleeve Valve Seat. 

D—Shear Ring is sheared. Flapper Valve now 
functions for floating or cementing. 


BAKER OIL TOOLS, INC., HOUSTON - LOS ANGELES - NEW YORK 


» BAKER 


- DIFFERENTIAL FILL-UP SHOES and 
> DIFFERENTIAL FILL-UP COLLARS 


Here's what DIFFERENTIAL FILL-UP Equipment does... 


Permits the casing to fill automatically from the bottom, while it is being 
run, to within 90°% of the fluid level of the annulus (using a shoe OR a 
collar)—or to within 81% of the fluid level of the annulus (using both a 
shoe AND a collar). In addition, a back-pressure valve is present to be 
used at the discretion of the operator, for “floating” or for cementing. 


Here's how Baker DIFFERENTIAL FILL-UP Equipment will aid you to avoid 
danger, increase rig efficiency, save valuable time and promote safety... 


REDUCES THE DANGEROUS “RAM EFFECT” thus minimizing the hazard of 
breaking down a potential lost circulation zone 


SAVES COSTLY DRILLING MUD that might otherwise be lost to the formation 
due to the “ram effect.” 


MINIMIZES DAMAGE TO MUD CAKE on the wall of the hole. The majority of 
the fluid displaced as the casing string is lowered enters the casing instead of 
flowing up the annulus and causing possible damage to the mud cake. 


REDUCES DANGER OF STICKING CASING by reducing to a minimum the 
“no-motion time” formerly required to fill casing at the surface—extremely 
important when running casing in directional holes or sloughing formations. 


SAVES ONE-HALF THE RUNNING-IN TIME plus the proven advantages of Baker 
Floating Equipment, including a back-pressure valve for cementing. 


KEEPS THE RIG FLOOR CLEAN AND SAFE by eliminating the messy spill-over 
and splattering of mud present when casing is filled at the surface. 


= 


Ask any Baker representative or office / 
. ° f 2 
for this new 16-page illustrated brochure... a, | ~~~ Site 


— 
= 
> 
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When running-in, the 
Sleeve Valve isin closed 
position in contact with the 
Sleeve Valve Seat. When 
the Sleeve Valve is in this 
position, fluid entry into 
the casing from below the 
valve is effectively blocked. 
The Sleeve Valve wil! be 
in the closed position 
whenever the height of the 
fluid column in the casing 
(the fill) EXCEEDS 90% of 
the height of the fivid col- 
umn in the annulus. 


When the height of the fluid 
column in the casing (the fill) is 
LESS than 90% of the height 
of the fluid column in the an- 
nulus, the Sleeve Valve moves 
upward away from the Seat 
and permits fivid entry into 
the casing through the bottom 
of the FILL-UP Shoe. During the 
casing run, the Sleeve Valve 
opens and closes according to 
the pressures imposed on its 
top and bottom areas and 
thus automatically regulates 
the degree of fill. 


When it is time for cement- 
ing, pressure of approxi- 
mately 1,000 psi is built up 
in the casing to shear the 
Shear Ring that holds the 
Sleeve Valve Seat in the 
supporting vanes of the 
Valve Cage. The Sleeve 
Valve can then move 
downward sufficiently to 
release the spring-loaded 
Flapper Valve, and there- 
after the FILL-UP Shoe 
functions as a conventional 


Floet Shoe. 
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WEEKS ISLA 








New record-depth well 
for oil production at Weeks Island 
Field in Louisiana, flowed 410 barrels 
of 29.5 gravity oil daily through a small chok 
from 16,834-44 feet. Deeper wells have bs 
completed as gas or condensate producers | 
crude oil has never before been found at su 
depth. The previous record holder, in Kern 
County, California, was produc- 
ing oil at 15,530 feet. 


==PIGEAYC PERFORATING GUNS ATLAS CORPORATION 


Houston, Texes Telephone: LYnchbure 4161 
General Offices: 3915 Tharp St. — Sales Office: Melrose Bldg. — Main Plant: 7730 Scott St. 


PGAC OFFICES ALWAYS READY TO SEF UJ ALL THESE TELEPHONE NUMBERS FOR PROMPT SERV 
EXAS: Houston, LYnchburg 4161 — Corpus Christi, T! RA-294 ongview, Pl-9-4486 — Alice, 4-3424 — Abilene, 2-41772 
Falls, 2-7151 — Gainesville, HO-5-2501 — < Be 10ont 4263 Victoria, HI-5-1972 —-Graham, 1728 Pampa, 4-99 
OUISIANA: Shreveport, 3-1648 — Lake Charles, HE-9 fayette 2396 KANSAS: Great Bend, 4306 Libera 
SKLAHOMA: Oklahoma City, CE-2-5342— Pauls Valley eminole, 2938 { jton, 77 —Ardmore, 857 — Perry, 313. NEW MEXICO: Hobb 


. CANADA—Perforating Guns of Canada, Ltd.; Edmonton, Alberta 
AFFILIATE COMPANIES: GERMANY—Atlas Deutsch-Amerikanische Olfelddienst G. m. b. H.; Kiel 
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announcing the 


NEW 
JOHNSTON 
HYDRAULIC 


caliper 


Gives you a NEW HIGH in 
accurate caliper logging — 
with a NEW LOW in rig time 


This latest development of Johnston Testers, Inc., 
gives continuous measurement and recording of 
hole diameter, and eliminates drilling-rig down 
time. 





Saves rig time because it eliminates time lost in 
rigging up and running wire line caliper. 








The instrument is dropped into the drill pipe just 
before removing pipe. It measures and records as 
drill pipe is removed from the hole. 


Logs while drill pipe is in the hole, free to circu- 
late at any point. No delay or difficulty in crooked 
or directionally drilled holes. 


Accuracy is assured because the Caliper is com- 
pletely hydraulic, with integrated measuring arms 
that constantly measure maximum hole diameter, 
whether the Caliper is centralized in the hole or 
not. 


Two-speed recording gives either a detail or a 
normal chart. 


Let us give you all the facts about the new Johnston 
Hydraulic Hole Caliper and its many uses where 
extremely accurate measurement and recording of 
subsurface conditions are required. 


WRITE OR CALL FOR FREE FOLDER 


Receiving sub in drilling This is the Caliper Receiving sub is open and 
position — positioned be- Instrument with cut- Caliper in measuring posi- 
tween drill collar and bit. away view of the tion. Caliper instrument un- 
Caliper instrument is hydraulic system, locks sub as it is indexed 


dropped or pumped down clock and chart com- in place. 
weet mote to pulling out partment. 


JOHNSTON TESTERSS@® 


first in drill stem testing 


HOUSTON, TEXAS 
LOS ANGELES. CALIF + CALGARY. CAN 





TECHNICAL NOTE 267 





AN INVESTIGATION of the USE of the SPECTROGRAPH 
for CORRELATION in LIMESTONE ROCK 


BASIC PROBLEM OF 
CORRELATION 


In many areas where carbonate 
rocks form important parts of the 
stratigraphic sequence, stratigraphers 
have experienced varying degrees of 
difficulty in differentiating and cor- 
relating limestone and dolomite units 
in both surface and subsurface work. 
With early Paleozoic rocks of the 
Mid-Continent, insoluble residues 
yield a remarkable amount of strati- 
graphic data and relatively good 
correlations may be carried over 
broad distances.’ Unfortunately, nei- 
ther such information nor electric 
logs and radioactive logs have been 
particularly helpful in interpreting 
the limestone sections of the Permian 
Basin of West Texas. This is be- 
cause: (1) the variations in the sec- 
tions may be very slight; (2) no 
completely satisfactory method of in- 
terpretation has been developed; and 
(3) the measurements themselves are 
not sensitive enough for small varia- 
tions. Also, such logs are influenced 
by the fluid content. 


Paleontology and micro-paleontol- 
ogy remain the ultimate arbiters. As 
a routine tool, however, paleontol- 
ogical examination is slow and tedi- 
ous. Chemical analysis may be used, 
but this, too, is extremely slow. Al- 
though rocks are not classified ac- 
cording to chemical composition, 
there is considerable variation with 
rock types. Correlation by chemical 
composition has two advantages. 
first, the characteristics determined 
are subject to minimum human error 
and interpretation, and secondly, the 
lithologic changes are not masked by 
fluid content as in the case of elec- 
tric and radioactive logs. Some fos- 
sils concentrate certain elements 


*Submitted as partial fulfillment for the 
degree of Master of Science in Petroleum 
Engineering, June, 1953. Present address: 
Stanolind Oil and Gas Co., Ulysses, Kan. 

Manuscript received in Petroleum Branch 
office on Aug. 8, 1954. Paper presented at 
Petroleum Branch Fall Meeting in San An- 
tonio, Oct. 17-20, 1954. 

1References given at end of paper. 
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which tentatively might be used to 
date rock units.* 

Rapid chemical analysis by spec- 
trographic means could be used as 
an adjunct to other means employed 
in correlation work, or might, in it- 
self, present a suitable method. 


PURPOSE OF THIS 
INVESTIGATION 


Sloss and Cooke’ have published 
data concerning spectrographic anal- 
ysis of limestone rocks specifically 
for purposes of direct correlation of 
a single formation. These authors 
found satisfactory evidence that dif- 
ferences in percentage of four ele- 
ments (Mg, Fe, Al, and Sr) in the 
Mississippian limestones of northern 
Montana were useful in carrying out 
correlation of this formation over a 
distance of approximately 50 miles. 
It was concluded from the prelim- 
inary work that the spectrochemical 
method offered possibilities of solu- 
tion of some problems of correlation 
heretofore not possible. Since the 
work of Sloss and Cooke’ was con- 
fined to one particular limestone 
zone, extension of the use of the 
method to examine two or more 
geologic formations would aid mate- 
rially in the over-all problem of cor- 
relation of such rocks. 

Equipment is now available com- 
mercially with which very rapid 
spectrographic analyses may be made, 
and hence the problem was to deter- 
mine whether the variations existing 
in the minor constituents of lime- 
stones were sufficient for use in pos- 
sible correlation. Qualitative and 
semi-quantitative investigations were 
made to determine whether signif- 
icant changes in the chemical condi- 
tion occurred. It was a further pur- 
pose to investigate the geologic time- 
boundaries to see whether significant 
chemical variation could be found 
corresponding to the paleontological 
breaks. 

It was desirable to attempt corre- 
lation of a thick section of limestone 


THE UNIVERSITY OF TEXAS 


or dolomite rock and to have as 
much information as possible on the 
section. Furthermore, it was felt that 
examination of formations more dif- 
ficult to correlate by other means 
would enhance the value of the 
method should definite points of cor- 
relation be found. Samples were 
chosen from the Chapman-McFarlin 
Cogdell No. 25 well in the Cogdell 
field, Kent County, Tex., and from 
the General Crude Oil Co., Coleman 
No. 193-2 well in the Salt Creek 
field, Kent County, Tex. These fields 
belong to the famous series of 
“Canyon” reef fields of West Texas. 
Cores from the above wells were 
available from the United States 
Geological Survey, Austin, Tex. 


THE SPECTROGRAPHIC 
METHOD 


The choice of procedure to be fol- 
lowed in this investigation was based 
on the anticipated requirements pe- 
culiar to the problem. Since the 
problem was primarily to investigate 
the possibilities of applying the spec- 
trograph to problems of correlation 
in thick carbonate sections, a precise 
quantitative analysis did not, appear 
necessary. A qualitative analysis to 
show the possible absence of pres- 
ence of any element, or a semi-quan- 
titative analysis of the elements pres- 
ent to show the relative changes in 
magnitude of selected elements was 
required. Both types of analysis were 
employed. 

The two most widely applied 
methods of semi-quantitative esti- 
mates are those of Harvey’ and of 
Slavin'’ though various other proce- 
dures have been described.” While 
the Harvey method has been mod- 
ified by Addink,’ this refinement did 
not seem necessary to the present 
problem. 

Essentially, the procedure em- 
ployed is a variation of the total en- 
ergy method of Slavin with two ex- 
ceptions: (1) stressing matrix effect, 
and (2) using densitometer measure- 
ments. As measured by a densito- 





meter, the readings on the line will 
not give line intensity alone, but the 
intensity of the line plus background, 
since there is a continuum superim- 
posed over the line itself. Hence, it 
becomes necessary to correct for the 
background in order to get a true 
evaluation of net line intensity or 
detectability.”” 


METHOD OF THIS 
INVESTIGATION 


Samples from the two wells were 
furnished by the Austin Section, Geo- 
logical Div., Fuels Branch, United 
States Geological Survey. Portions of 
the sampled cores from the Chap- 
man-McFarlin well in the Cogdell 
field had been crushed for chemical 
analysis and for acid insoluble res- 
idue studies. 


SAMPLE PREPARATION 


Samples representative of 630 ft 
of section from the Chapman-Mc- 
Farlin Well 25 were available in 
crushed form. Material from each 
10 ft interval was mixed together, 
yielding 63 samples for analysis. 
About 200 gm of the crushed sam- 
ple was reduced to about 1 gm by 
the usual cone and quarter method. 
It was ground with a small agate 
mortar and pestle until homogeneity 
was ensured and the bulk of the 
sample reduced to about — 150 mesh. 
Although the sample should be re- 
duced to about — 150 mesh, it should 
not be passed through a sieve since 
the use of ordinary brass sieves may 
introduce copper, zinc, lead, and tin 
in detectable quantities.” After grind- 
ing, the samples were dried for an 
hour at 105° C. After this they 
were loaded into small capsules, 
capped, and placed in a convenient 
tray ready for analysis. 


WEIGHING SAMPLES AND 
LOADING ELECTRODES 


After the samples were powdered, 
dried, and capsuled, 10 mg were 


Semple No _. Film No Dote _ 
Ele L Observ Ele Line Observ 


Ele Lime Observ 


22080 Sb 2677.9 Ca 32611 

22066) Si 268: 6 Se 32625 

23466 6 29565 Sb 32675 
23496 Ge 29456 Aq 32807 
24945 Ce 29975 Ze 328625 
2496 6 Fe 30206 Ne 33025 
256 1 Ge 3039) ag 33029 
2535 6 @ 30677 ze 33920 
2536 5 Bo 30716 ce 534057 
2554 9 ai 3062 2 Co 34051 
2576 ¢ Cb 30942 m 34:48 
2651 2 Be 3030 4 Kk 34464 
2766 Me 3132 6 Ce 34535 
2761 4 Mo 3170 5 Sr 34646 
20162 v 365 4 Ty 36555 
28331 Li 3232 6 Se 42466 
28400 yY 32425 Cr 42545 

ae 78605 Cw 32475 


Fic. 1—QUALITATIVE SPECTRO- 
GRAPHIC ANALYSIS DATA SHEET. 


weighed from each vial. A Heusser. 
gold assay balance, sensitive to 1/300 
mg, was found to be quite satisfac- 
tory. A 10 mg sample of powdered 
high purity graphite, obtained from 
cuttings of the graphite electrodes, 
was weighed and added to the sam- 
ple and the two were mixed thor- 
oughly. The mixture was then poured 
into the electrode with the aid of a 
small spatula and quillbrush. 


The loaded electrode was then 
placed in a desiccator to keep at- 
mospheric moisture from the sample 
until it was arced in the spectro- 
graph. 


SPECTROGRAPHIC METHOD 
OF ANALYSES 


The spectrograph used was a 12 
m unit having a grating of 24,400 
lines per inch and was manufactured 
by Applied Research Laboratories, 
Glendale, Calif. After arcing of the 
samples the exposed film was devel- 
oped under carefully controlled con- 
ditions which yielded reproducible 
lear and sharp spectral lines. After 
processing, the films were dried in 
the usual manner and were examined 
in a densitometer and filed for future 
reference. 


EXAMINATION OF FILMS: 
QUALITATIVE 


Ahrens” and others*’ have de- 
scribed the elements most likely to 
be found in limestone rocks. A chart 
was made arranging the elements in 
order of increasing wave length to 
facilitate analyzing the film. Various 
revisions were made to fit the par- 
ticular situation. 


Some elements (Au, Hf, U, Th, Pt, 
Os, Pd, Rh, Ir, Ru, W, and others) 
virtually never are present in detect- 
able amounts; these could most prob- 
ably be studied best by first employ- 
ing some chemical means of con- 
centration. 


Fig. 1 shows the final form which 
was used for the qualitative exam- 
ination. It would probably be suit- 
able for other limestones. Lines of 
36 elements were sought. Elements 
(such as iron, magnesium, and sil- 
icon, because of their relatively high 
concentration and/or their high sen- 
sitivity) could easily and positively 
be identified by one line. In other 
cases, the elements were less easily 
identified and two or more lines were 
examined in order to establish their 
presence. Elements falling in this 
group were columbium, berylium,’ 
and arsenic. 
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EXAMINATION OF FILMS: 
QUANTITATIVE 


The method described by Harvey 
was used in calculating the semi- 
quantitative values. In the choice of 
elements on which to make esti- 
mates, several factors must be con- 
sidered: (1) the quantity and/or the 
sensitivity of the element had to be 
such that accurate readings could 
be taken, (2) lines should be free 
from interference of nearby lines of 
another element, and (3) the back- 
ground must be reasonably uniform 
and have sufficiently high transmis- 
sion, viz, 80 to 95 per cent. 

[he only elements, other 
those of the main constituent (cal- 
cium carbonate), which met these 
requirements were aluminum, iron, 
manganese, copper, chromium, mag- 
nesium, and silicon. Semi-quantita- 
tive determinations were made for 
all of these with the exception of 
silicon and magnesium. In the case 
of silicon, it was felt that no sub- 
stantial contribution to correlation 
would be gained by its determina- 
tion. An evaluation of the magne- 
sium content was not made because 
the sensitivity factors for suitable 
lines were not available. 

A carefully constructed calibration 
curve which was available for this 
research” aided greatly the separate 
determination of the selected ele- 
ments in each sample. 


RESULTS 


than 


The results of the qualitative and 


semi-quantitative analyses are pre- 
sented in graphical form in Fig. 2. 
As can be seen, a considerable va- 
riation in composition was found 
throughout the section of each of the 
two wells studied. In addition to the 
elements used for correlation, the 
following elements were found in all 
samples: Ag, As, B, Be, Bi, Ca, Cb 
(or Nb), Co, Mg, Na, Si, Sr, Ti, 
and V. 

While the accuracy of the semi- 
quantitative method is plus or minus 
30 to 50 per cent, little inconsistency 
was evident. This can be seen readily 
when comparing the relative varia- 
tions in manganese and iron. Geo- 
chemically, these elements occur to- 
gether and variations in one should 
be reflected by the other. Such was 
found to be the case with only a 
few exceptions. Thus, a usable log 
can be obtained without resorting to 
more time-consuming methods to as- 
certain the magnitude of concentra- 
tion with high precision. Aluminum, 
copper, and chromium are less close- 
ly related geochemically to iron and 
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so would not be expected to follow 
so Closely the same trends. 

The aluminum content is indica- 
tive, to a degree, of the amount of 
clay or weathered material present. 
This is especially evident at the base 
of the Canyon formation found in 
the Chapman-McFarlin Cogdell No. 
25 well. Here, a 60 ft section has 
been interpreted by the U. S. Geo- 
logical Survey” as being material 
which has been eroded and redepos- 
ited. Such material would be ex- 
pected to contain a relatively large 
amount of clays. The high aluminum 
percentage in the lower part of this 
zone tends to confirm this supposi- 
tion. The presence of relatively high 
percentages of titanium are further 
evidence in support of this view- 
point. 

Chromium seems to be a good 
“marker” element. It is particularly 
useful in observing changes in rock.” 
Copper was used to register any 
other changes which might not be 
reflected by variations in the other 
elements. 

The reef is generally considered 
to be entirely of Canyon age. After 
exhaustive paleontological study, the 
U. S. Geological Survey determined 
that the reef was actually a part of 
three formations, viz, the Cisco, the 
Canyon, and the Strawn. The divi- 
sion of the reef into these units may 
also be deduced from the spectro- 
graphic analysis. 

A rather good correlation is ob- 
tainable on the basis of variations in 
manganese, aluminum, copper, and 
chromium content. It is to be noted 
that the percentage of chromium and 
copper was in the order of magni- 
tude of 10°* to 10° per cent while 
that of iron, manganese and alum- 
inum was reported to 10° to 10° 
per cent. At the base of the Cisco 
(from paleontological studies) there 
is a decided decrease in all the above 
elements followed by a sharp in- 
crease in concentrations of each at or 
near the top of the Canyon. Accom- 
panying these changes are marked 
increases of titanium also. A very 
definitely correlatable zone occurs 
midway in the main body of the 
Canyon section as evidenced again 
by substantial increases in all five 
elements. 

Although these changes in concen- 
tration are not as pronounced in the 
General Crude Oil Co., Coleman No. 
193-2 well, the trend is noticeable. 
Near the base of the Canyon or top 
of the section designated as Strawn 
another good correlation point is 
apparent. Particularly large increases 
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Fic. 2 — RESULTS OF SEMI-QUANTITATIVE AND QUALITATIVE ANALYSES. 


of aluminum (with attending in- 
creased concentration of titanium), 
and correspondingly varying amounts 
of copper and chromium were no- 
ticed. Though iron and manganese 
content of samples from the Chap- 
man-McFarlin Cogdell No. 25 well 
followed this pattern, no similar in- 
creases were observed in the General 
Crude Oil Coleman 193-2 well. How- 
ever, the presence of titanium again 
gave good confirmation to the cor- 
relation at this zone contact. The 
shortened section of the entire geo- 
logic section would be considered to 
affect adversely any correlation, and 
yet satisfactory comparison can be 
made. 

Such evidence could be of great 
use since these breaks were not rec- 
ognizable in other logging methods 
used on the well. From information 
secured from the U. S. Geological 
Survey these breaks were not evident, 
except by paleontological means, in 
any part of the reef fields. The aver- 
age percentage of ail five of these 
elements (Mn, Fe, Cu, Al, and Cr) 
taken together is about 0.13 per cent. 
Chemical analyses made by the U. S. 
Geological Survey indicate that the 
magnesium content averaged 1 to 
2 per cent. 

In the qualitative examination, it 
was found that nickel quite frequent- 
ly was detectable. Provided the sam- 
ples had been handled in the same 
manner, this might possibly indicate 
the presence or absence of oil, since 
nickel has been reported by Gold- 
schmidt” as characteristically asso- 
ciated with oil. Other elements often 
associated with oil are vanadium, 
copper, silver, molybdenum, and 
tungsten. All but the last two were 


found to be present. If this relation- 
ship is true, then these elements 
could possibly be used to determine 
the more highly saturated oil zones. 


The method showed that it pos- 
sessed the necessary sensitivity to 
chemical changes to be of use for 
correlation purposes. In fact, the cor- 
relations shown in Fig. 2 make it 
possible to carry out more detailed 
examination of certain zones within 
the broader geologic sections. 


Fig. 3 and Fig. 4 show the cor- 
relation obtainable on each of the 
wells examined utilizing results of 
chemical analyses obtained during 
investigations carried out separately 
by the U. S. Geological Survey office 
in Austin. It is immediately apparent 
that the variations in concentration 
of the elements detectable by spec- 
trographic analysis and the changes 
in concentration of the elements most 
commonly determined follow a rather 
definite pattern. Two zones of high 
degree of dolomitization occur in the 
Chapman-McFarlin well at 6,250 to 
6,255 ft and 6,420 ft while lesser 
amounts of dolomite were deter- 
mined at 6,358 to 6,363, 6,535 to 
6,540 and 6,855 to 6,860 ft. Al- 
though these thin streaks of dolomite 
are not developed in the General 
Crude Oil Co. well, the changes in 
composition reflected by the spec- 
trographic analysis help to character- 
ize the corresponding zones in the 
two wells. It is also interesting to 
note the rather close agreement in 
the iron content determined analyt- 
ically (on the acid soluble residue) 
and reported by the U. S. Geological 
Survey study and that obtained by 
the spectrographic method employed 
in this investigation. 
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Fic. 3 — CORRELATION OF SPECTROGRAPHIC AND CHEMICAL ANALYSIS, 
CHAPMAN-MCFARLIN PRODUCTION Co., COGDELL WELL 25. 


SUMMARY 


Geologic correlation of limestone 
cores from wells located in two sep- 
arate Canyon Reef fields of West 
Texas has been possible by means 
of spectrographic analysis. Although 
the present work has been limited 
to the investigation of carbonate 
rocks, the method should prove ap- 
plicable to any type geologic forma- 
tion. 

Rapidity of analysis with improved 
analytical equipment available should 
be of tremendous advantage in the 
routine logging of wells and also in 
advancing further research in this 
very important field. 

Value of spectrographic analysis 
in studying various phases of sedi- 
mentation is suggested. 
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EFFECT of DRAINHOLE DRILLING on PRODUCTION CAPACITY 


BOBBY L. LANDRUM 
PAUL B. CRAWFORD 
MEMBER AIME 


ABSTRACT 


Electrical model studies have been made of the 
efiect of drainhole drilling on production capacity. 
Drain holes are those lateral holes which are sometimes 
drilled to assist in increasing the oil drainage into the 
main wellbore. The studies indicate that if the drainhole 
length is near 0.2 of the drainage radius, the increase 
in production capacity may be approximately 1.8, 2.08, 
and 2.33 for the case of one, two and four drain holes, 
respectively. If multiple drain holes are drilled, shorter 
holes are required to achieve a specific increase in pro- 
duction capacity than if one or two holes are drilled. 
To achieve increases in production capacities by factors 
near three it is shown that the drainhole lengths divided 
by the drainage radii must be approximately 0.64, 0.48, 
and 0.37 for the case of one, two and four drain holes, 
respectively. 


INTRODUCTION 


Recent developments in drilling techniques have per- 
mitted the drilling of lateral or horizontal holes to 
increase the rate of production. The number of these 
drain holes may vary from | to 10, and they have been 
drilled laterally as much as 100 ft. Drainhole drilling 
at substantial depths is of recent origin but has been 
used in the Spraberry field of West Texas, the La Pas 
field in Western Venezuela, and certain fields in Cali- 
fornia. The diameter of the drain holes has been 
approximately 6 in. In drilling drain holes it is desired 
to know how much increase in production capacity 
may be expected, what additional benefit may be gained 
by drilling more than one drain hole, and what in- 
crease in production capacity may be brought about by 
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lengthening the existing drain holes. In realization of 
the importance of lateral drilling, electrical model 
studies were made to provide quantitative estimates on 
the effect of drain holes on production capacity. 


ANALYSIS 


An electrical model was used in studying this prob- 
lem. A wooden circular reservoir approximately 30 in. 
in diameter and 2 in. deep was filled with a dilute salt 
solution to a depth of 1 in. A copper band formed the 
periphery of the tank, and a copper wire was inserted 
in the center of the tank to represent the well. The 
drainage radius divided by the well radius was equal to 
500. A diagram of this type model is shown in the inset 
of Fig. 1. An electrieal potential was applied to the wire 
well and copper band at the periphery to determine the 
flow of current. Following this measurement copper 
wires of various length were soldered to the vertical 
wire well in such a manner as to simulate lateral wells 
drilled into the reservoir. Multiple lateral holes of va- 
rious lengths were studied by varying the number and 
length of copper wires soldered to the vertical wire well. 
All multiple lateral wells were located symmetrically 
about the vertical well. The effect on production capac- 
ity by drilling an infinite number of lateral holes was 
studied by replacing the lateral hole with a copper disk. 
For each condition the flow of current was measured 
and compared with the flow of the vertical well only. 

The model which is thus described provides the 
steady state increases in production capacity which may 
be expected in some cases. The data conform to those 
which would be observed for a uniform homogeneous 
reservoir. The data may have primary application to 
those reservoirs producing above the bubble point. It is 
realized that few lateral holes are drilled in reservoirs of 
this type, but the data may be of some value in guiding 
future work or aiding to explain observed phenomena. 
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PRODUCTION CAPACITIES 

Fig. | shows the effect of drainhole drilling on pro- 
duction capacity. The abscissa shows the length of the 
drain hole divided by the drainage radius. For example, 
if the drain hole were 60 ft in length and the drainage 
radius 300 ft, the value of the abscissa would be 0.2. 
The ordinate shows the production capacity of the well 
with the drain hole divided by the production capacity 
of the well before drilling the drain hole. For example, if 
the steady state production capacity after drilling the 
drain hole were 40 B/D and the production capacity 
prior to drilling were 20 B/D, the value of the ordinate 
would be 2.00. In reviewing Fig. | it will be noted that 
if the drainhole length divided by tbe drainage radius is 
near 0.1 that an increase in production capacity by fac- 
tors near 1.4 to 2.7 may result, depending on whether 
one or an infinite number of drain holes are drilled. If 
two or four drain holes are drilled, increases in produc- 
tion capacities near 1.6 and 1.84 would be expected, re- 
spectively. 


If the drainhole length is approximately 50 per cent 
of the drainage radius the expected nroduction capacity 
increases would be 2.66, 3.04, and 3.45 for the case of 
one, two and four drain holes, respectively. 

If the drainage radius were near 300 ft, it will be 
found that the drilling of a single drain hole 60 ft in 
length would result in an increase in production capac- 
ity of approximately 1.8. To drill a second hole of the 
same length would increase the production capacity 
from 1.8 to 2.04. To drill four drain holes, all sym- 
metrically located about the well and each 60 ft long, 
would give a production capacity increase of 2.34. If 
the length of the holes were doubled and the drainage 
radius remained the same, the production capacity 
would be 2.4 for one drain hole and 2.74 for the case 
of two drain holes. Four drain holes would result in an 
increase in production capacity near 3.08. 

Fig. 1 may be used to indicate the length which one 
drain hole must be drilled to give an increase in produc- 
tion capacity equivalent to two or four drain holes of 
shorter length. For example, if four drain holes of 0.1 
the drainage radius were drilled the increase in produc- 
tion capacity would be approximately 1.85. To obtain 
this same production capacity with only two drain holes 
would require lengths of approximately 0.15 of the 
drainage radius. A single drain hole whose length was 
0.21 of the drainage radius would be expected to result 
in the same production capacity. If this were verified 
by field data it might be found more desirable in some 
instances to drill a few long drain holes rather than mul- 
tiple short holes. Field data have been obtained in some 
instances to show the effectiveness of drain holes in 
increasing the production capacity. These data are sum- 
marized in Table 1. 
tween the actual increase in oil production by drilling 
drain holes and that which might be estimated from 
model data shown in Fig. 1. Data are shown for 10 
different wells. It will be noted that for the case of two 
drain holes that increases in production of approxi- 
mately 2.00 to 2.58 were obtained; whereas, model data 
obtained from Fig. | 
would have been expected. 

For the case in which four drain holes were drilled 
the actual increases were near 1.84 to 3.85; from Fig. | 
it would be estimated that an increase near 2.18 would 
have been expected. For the case of six drain holes it is 
shown that increases in production capacity near 1.85 
to 3.00 were observed, whereas, the figure would indi- 
cate that an increase in production capacity near 2.3 


Table 1 shows a comparison be- 


indicates increases near 1.9 


TABLE | — SUMMARY AND COMPARISON OF 10 CALIFORNIA DRAINHOLE WELLS* 


Depth Hole Size 
Ft In 


3700 iP 6 
3550 1%, 6% 
3600 iB 6 
3300 10% 6% 
4800 10% 6 
3600 11% 6% 
3650 9% 6% 
1200 7% 6 
3700 6% 44, 
3600 11% 6% 


Drain Holes 
Size, In 


| 
| 
t 
} 


OOCMNO WON 
@eoona eR eR eNN 


Prod. Reported 
Nearby Corre 
Oil Prod., Bbi lating Well 
Daily Bbi 
Init. Settled Daily Actual 
62 24 
(t) 25-30 
+ 46 25 
100 26 
40 
25 
20-30 
5 
26 
70-90 


Settled Fractional 
increases in 

Production Capacity 

Model Data** 


* All drain holes equipped with flexible liners. Wells 8 and 9 are located in San Joaquin Valley; al! others in Lo 


Well had been abandoned as noncommercial. 
t Not reported. 


** Actual drain holes were 40 to 50 ft long, all assumed to be 50 ft for comparison with model dota 


Drainege radius 300 ft, effective r + Fr 


Ww 


approximately 500 
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could be expected. For the case of eight drain holes an 
increase near 2.62 was observed; Fig. 1 would indicate 
that an increase near 2.4 would be expected. 

In reviewing the comparisons between the actual ob- 
served increase in oil production capacity and that 
indicated by model data it is found that fair agreement 
was Observed in some instances. Inasmuch as the actual 
observed increase in oil production was only slightly 
greater than predicted from the model, it should also be 
mentioned that the present well completion techniques 
in these wells are apparently of such nature that little 
damage near the wellbore may be occurring in some 
instances. Fig. 1 shows the increases in production 
capacity which may be expected if the wells are clean 
and no impediment exists near the wellbore. If con- 
siderable damage had occurred through mechanical 
plugging, clay swelling, etc., the variations in production 
capacity by drilling drain holes may have been much 
greater than those shown by Fig. 1. 


DISCUSSION AND CONCLUSION 


Electrical model studies have been made of the effect 
of drainhole drilling on the production capacity. It is 
indicated that if the drainhole length is near 0.2 of the 
drainage radius that increases in production capacity 
near 1.80, 2.06, and 2.34 may be expected for the case 
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of one, two, and four drain holes, respectively. It is 
shown that it may be possible to drill one drain hole 
which will result in a production capacity equivalent to 
that of drilling two or four drain holes, provided the 
one drain hole is of the proper length. Comparisons 
have been made of the effectiveness of drain holes in 
actual oil wells and compared with the model data 
presented here. In general the agreement appears to be 
reasonable. It is also indicated that the present well 
completion techniques in these wells may be of such 
nature that little damage near the wellbore may be 
occurring. 
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ABSTRACT 


Waterflooding operations in the Langston-Kleiner 
field, Young County, Tex., are described. Widespread 
application of formation fracturing has been practiced 
in both producing and injection wells. Field perform- 
ance data are cited which indicate that no detrimental 
effect on sweep efficiencies and that probable benefits 
in injectivity have resulted from the fracture treatments. 


INTRODUCTION 


This paper is a report on a waterflood operation 
which is being carried out in the Langston-Kleiner field 
located in Young County, Tex. The oil reservoir af- 
fected by this flood operation occurs in a Strawn sand 
member at an approximate depth of 3,550 {ft subsur- 
face. The operators of the project are Kleiner Estate, 
Turner, Fiske, and West who are hereinafter collec- 
tively referred to as the Operators. Although the opera- 
tion is unusual in several respects, the distinctive fea- 
ture of this flood has been the widespread application 
of hydraulic formation fracturing treatments as a means 
to improve productivity and injectivity of the wells. 
It shall be the purpose of this paper to present basic 
information regarding the reservoir characteristics, op- 
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erating practices, and waterflood behavior so that con- 
clusions may be drawn concerning the effects which 
the fracture treatments have had on the performance 
of this water flood to date. 


DEVELOPMENT 


Development of the 3,550 ft Strawn sand reservoir 
occurred during 1951 and 1952. The early development 
occurred on the Langston and Davis leases which are 
in the northern region of the Operators’ holdings and 
the wells were drilled on 20-acre proration units ac- 
cording to the field rules. However, studies of the 
economics of this program, coupled with the decision 
to proceed with pressure maintenance by water injec- 
tion, resulted in the adoption of wider spacing in the 
later stages of development. This variation in spacing 
is apparent upon inspection of Fig. | upon which only 
the 3,550-ft Strawn sand producing and injection wells 
have been located on the Operators’ properties. The 
development to the north of the Operators’ leases is 
the Garvey Strawn field and that to the south is the 
Taylor Strawn field. 

It was determined that unitization of the leases to 
be involved in the waterflood program was not feasible. 
Consequently, a system of offset injection wells, or 
lease line injection wells, was adopted from place to 
place as required to protect correlative rights in the 
program. This resulted in a dispersed array of injection 
and producing wells with relatively close proximity of 
wells along lease line areas and wider spacing toward 
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TABLE | — SUMMARY OF FRACTURE TREATMENTS IN 3,550-FT SAND RESERVOIR, LANGSTON-KLEINER FIELD, YOUNG COUNTY, 


COMPLETION 
LEASE AND WELL NO. INTERVAL 


INTERVAL 
3495-3507 
3510-3514 
3478-3498 
3490-3498 


DAVIS 15 3495-3514 
DAVIS 16 
DAVIS 17* 


3523-3537 
3466-3474 3466 
3480-3486 
3515-3527 3515 
3559-3574 
3517-3533 3517- 
3522-3549 
3485-3520 3485- 
3507-3523 3507- 
3526-3566 
3507-3533 3507- 
3472-3482 3472. 
3488-3503 
3516-3530 3516- 
3509-3547 3509- 


LANGSTON 
LANGSTON 


LANGSTON 
LANGSTON 
LANGSTON 
LANGSTON 
LANGSTON 
LANGSTON 
LANGSTON 


LANGSTON 


3493-3512 3493-3512 
3459-3466 

3476-3508 3476-3508 
3447-3460 3447-3460 
3464-3469 
3476-3490 
3492-3506 
3498-3512 
3478-3492 
3494-3498 
3466-3480 
3500-3505 
3512-3518 
3503-3513 


McKINLEY 33 
McKINLEY 34 


McKINLEY 35 


McKINLEY 
McKINLEY 


3498-3512 
3478-3498 
McKINLEY 3466-3480 
3500-3505 
3512-3518 
3503-3513 


McKINLEY 
McKINLEY 


SWEET 14 
SWEET 15 
SWEET 16 


3469-3502 
3454-3475 
3442-3445 
3471-3479 
3488-3494 
3496-3505 
3524-3530 
3460-3474 
3443-3452 
3472-3489 
3472-3484 
3469-3483 
3480-3495 
3459-3466 
3507-3515 


3442-3445 


3460-3474 
3443-3452 


3469-3483 


3459-3466 


3454-3466 
3488-3521 
3458-3470 
3488-3502 
3461-3471 
3477-3491 


3454-3466 
3488-3521 
3458-3470 
3488-3502 
3461-349) 


*Injection Wells. 


the lease interiors. Again referring to Fig. 1, the posi- 
tion of the injection wells, relative to the producing 
wells, is illustrated. 
THE RESERVOIR 

The reservoir being flooded in Langston-Kleiner field 
is comprised of three Strawn sand members which may 
have been separate sources of original accumulation, 
but which are now probably communicated by well 
completion practices. The middle sand member of the 
section is the best developed and most widespread of 


the three sands. An isopachous map of the net sand 
development in all three sand members is presented 
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FRACTURE TREATMENT 


POUNDS GALLONS QUARTS 
SAND Oil SHOT INTERVAL NITRO 


1600 1200 


1406 


4000 


3000 
4700 


4000 
1200 
1450 
3000 


1050 


5000 


2000 


6000 


2500 
2000 
2000 
1500 
1400 


in Fig. 1. It will be noted that the sand lenses into 
shale to the west and southeast, that the northward 
extension of the sands are partially defined by water 
level of 2,380 ft subsea, and that the southern limit of 
the sand development is not entirely defined at the 
present time. 

Core analyses are available from eight wells. The 
data obtained from these analyses indicate an average 
permeabality of 47 md. and an average porosity of 15.2 
per cent. Capillary pressure-fluid saturation measure- 
ments made on a selected group of core plugs indicated 
an average connate water for this Strawn section of 
45.9 per cent of the pore space. Flushing tests per- 






































Fic. 1 — IsopacHous Map — NET O1L SAND oF 3,550 
FT STRAWN RESERVOIR, LANGSTON-KLEINER FIELD, 
YOUNG CouUNTY, TEX. 


formed on restored state core plugs indicated an aver- 
age residual oil saturation of 20.2 per cent of the pore 
volume and a relative permeability to water of 28.7 
per cent at this residual oil saturation. 

A reservoir fluid sample obtained early in the pro- 
ductive life of the field showed that the crude was 
saturated at the original reservoir pressure of approxi- 
mately 1,600 psig. The saturated crude had a formation 
volume factor of 1.335 reservoir bbis/STB and a 
solution gas-oil ratio of 576 cu ft/bbl as measured by 
differential liberation. The viscosity of the reservoir 
crude at saturation pressure was 0.40 cp. At the 
average reservoir pressure of 787 psig existing at the 
start of the waterflood operation, the formation volume 
factor of the reservoir crude was 1.256 reservoir 
bbls/STB, the solution gas-oil ratio was 386 cu ft/bbl 
and the viscosity was 0.47 cp. 


PRIMARY PRODUCTION HISTORY 


The primary and waterflood production history of 
the Operators’ leases, which are located in the water- 
flood area, is presented in Fig. 2. It will be noted that, 
following the inception of production in Dec., 1950, 
the monthly rate of oil production from these prop- 
erties gradually increased to a peak of 37,211 bbls 
per month in Aug., 1953, with the completion of a 
total of 28 oil producing wells. By the time waterflood 
operations had commenced in April, 1953, the total 
cumulative production from the properties was 631,077 
bbls of oil and the bottom-hole pressure had declined 
from an estimated original level of 1,600 psig to a 
measured level of 787 psig. The weighted average field 
gas-oil ratio had increased from the solution ratio of 
576 cu ft/bbl to approximately 2,500 cu ft/bbl. No 
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Fic. 2 — PRIMARY AND WATERFLOOD PRODUCTION 
HisTORY OF LEASES EFFECTED BY WATER FLOOD IN 
LANGSTON-KLEINER FIELD. DATA SUPPLIED 
THROUGH Dec. 1, 1954. 


wells on the properties included in the waterflood area 
were producing water at the beginning of the injection. 

Hydraulic fracturing of the producing section during 
the completion operations proved successful in increas- 
ing well productivity as early as mid-1952 and was 
generally considered routine in the completion of pro- 
ducing wells after that time. Many of the wells which 
had been completed prior to this date were subsequently 
subjected to hydraulic fracture treatment during work- 
over operations. Later completions in the field have 
either been through perforations or a combination of 
open hole in the basal sand member and perforations 
in the upper members. Using a straddle packer, it 
became common practice to selectively fracture the 
individual zones. A summary of basic information on 
the fracture treatments is presented in Table 1 where 
it will be noted that the treatments employed ranged 
from 700 gal to 6,000 gal of fracture oil with a sand 
load of 1 Ib/gal. These treatments averaged approxi- 
mately 200 Ibs of sand per foot of exposed section. 

The effect of the fracture treatments on producing 
wells was to improve capacity to the extent that several 
pumping wells were restored to flowing status. The 
improvement in capacity has been sustained in most 
wells. It was also observed that temporary reduction 
in gas-oil ratio frequently occurred. 

With only one exception, all injection wells were 
drilled specifically for the purpose of injection and were 
hydraulically fractured through perforations or in open 
hole in a manner similar to the treatments practiced 


TABLE 2 — COMPARISON OF CALCULATED AND ACTUAL INJECTION RATES 
IN FRACTURED WELLS, LANGSTON-KLEINER FIELD, 
YOUNG COUNTY, TEX. 


Calculated Actual 
Capacity, Surface Injection Injection 
Injection Millidarcy Pressure, Rate, Rete, 
Well No. Feet Psig Bbis/Day Bbis/Day* 
W. 0. te.2° . Soe eee 270 450 429 
W.i1.NMe.3 .. . Coe 760 454 
Sweet No. 21 . . 300 802 210 277 


*Conditions as of Oct. 1, 1953. 
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in the producing wells. The one injection well which 
has not been subjected to fracture treatment, the Lang- 
ston No. 76, previously had been shot in open hole. 

An attempt has been made to evaluate the effects 
of fracturing on injectivity by comparing the calculated 
injection capacity based upon core data to that actually 
experienced. The injection wells on which representative 
core data are available had sand sections of sufficient 
thickness and permeability to indicate substantial in- 
jection capacity prior to fracture treatment. It cannot 
be demonstrated that the relatively light fracture treat- 
ments applied to these better sand sections have had 
material effects on the injection capacity. This observa- 
tion is borne out by reference to Table 2 wherein a 
comparison of calculated and actual injection rates is 
presented. Since injection conditions had become rea- 
sonably stable by Oct., 1953, but the reservoir had not 
yet responded in improved production characteristics, 
the average injection rates and pressures during this 
month were selected for comparison. 

The injection wells which are located near the edge 
of the sand development, where the sand is thinner 
and less permeable, were not adequately cored. There- 
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WELL COMPLETION AND 
LANGSTON-KLEINER FIELD 


fore, specific analysis of the performance of these wells, 
the Davis No. 17, McKinley No. 40 and McKinley 
No. 41, is not possible. Inspection of the electric logs 
of these wells, shown in Fig. 3, serves to illustrate the 
tight broken character of the sections together with the 
injection volumes and surface pressures which have 
been experienced. In a qualitative sense, it is probably 
correct to conclude that the fracture treatments have 
been beneficial in increasing the ability of these tighter 
wells to accept the injected water at economic rates. 
The fact that all injection wells have satisfactorily re- 
ceived water, whether through perforations or in open 
hole, without extensive clean-out and swabbing opera- 
tions demonstrates the economy of the fracture 
treatments over open hole shooting and cleaning out. 


PERFORMANCE OF THE WATER FLOOD 


Delays were encountered in equipping the field for 
water flooding which resulted in a more advanced 
stage of depletion existing in the reservoir at the incep- 
tion of the program than had been anticipated in 





Fic. 4— McKINLEY No. 35 WELL PRODUCTION 
HISTORY AFTER WATER FLOOD STARTED, 
LANGSTON-KLEINER FIELD. 
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Fic. 5— Sweet No. 19 WELL PRODUCTION HISTORY 

AFTER WATER FLoop STARTED, LANGSTON-KLEINER 


FIELD. 


original planning. The reservoir pressure had declined 
to an average of 787 psig and increasing gas-oil ratios 
contributed to rates of voidage in excess of the rate 
of injection permissible with the existing wells. An 
arbitrary restriction in producing rate of the offending, 
high gas-oil ratio wells was effected in Sept., 1953, 
and continued through Dec., 1953. 

The result of this temporary restriction is illustrated 
in Fig. 2. The gas-oil ratio immediately responded in 
each producing area under waterflood control and 
permanent reduction in rate of reservoir voidage was 
accomplished. This, in turn, has permitted gradual 
repressuring of the reservoir so that many of the pro- 
ducers have been restored to flowing status. 


Only two wells had produced water to Aug. 1, 1954, 
as a result of the injection program. Water was first 
detected in individual well tests on the Sweet No. 19 
well Jan., 1954, and on the McKinley No. 35 well in 
Feb., 1954. The source of water produced by these 
wells is thought to be from the McKinley-Sweet W. I. 
No. 2 injection well which is located 750 ft from each 
of the producers. The McKinley No. 35 well and 
McKinley-Sweet W. I. No. 2 injection well had been 
fractured and the Sweet No. 19 had not been fractured. 

In analyzing the performance observed in these wells, 
it has first been necessary to estimate the flood pattern 
which existed around the W. I. No. 2 injection well at 
the time of breakthrough. Although potentiometric 
model work is not available on the project, reasonable 
accuracy is possible in approximating the pattern by 
resorting to a study of sand development and capacity 
in the surrounding wells. The general elongation of the 
pattern toward the McKinley No. 35 and Sweet No. 19 
wells was suggested by this study and is confirmed by 
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TABLE 3 — VOLUMETRIC ANALYSIS OF DISPLACEMENT AS OF SEPT. |, 
1954. INJECTION WELLS FROM WHICH NO BREAKTHROUGH HAD 
OCCURRED, LANGSTON-KLEINER FIELD, YOUNG COUNTY, TEX. 


Distance to Reservoir Vol. in Bbis/AF 
Nearest Radial Pattern to Bbis Water Injected 

Injection Producing Nearest Producing Injected to Into Radia! 
Well, Feet Well, Acre-Feet 9-1-54 Patiern 


Well No. 


Govls le; TF ..-3* 2a , 1,390 17,012 12 
Langston No.76. . . 820 543 143,684 265 
McKinley No. 40. . . 442 20,964 47 
McKinley No. 41. . . 825 35,402 43 
McKinley-Sweet W.1.3 . 156,834 

McKinley-Langston W.1. 4 467 162,143 347 
Sweet No. 21... . 689 174,526 253 


the lack of breakthrough in the McKinley No. 38 and 
Sweet No. 16 wells as of Aug. 1, 1954. 

Based upon the estimated flood pattern, the residual 
saturation conditions previously stated and the permea- 
bility distribution found in the core analysis data on 
the region, theoretical calculations of water cut versus 
time relationships have been computed for the two wells 
in question. The computed performance is compared 
to the actual performance observed in well tests for 
McKinley No. 35 in Fig. 4 and for Sweet No. 19 in 
Fig. 5. The generally good agreement between com- 
puted and actual time of initial water appearance and 
subsequent rate of increase of water cut indicates that 
no abnormal by-passing or channeling has occurred. 

Further confirmation of the lack of effects of the 
fracture treatments on the breakthrough performance 
is found in the analysis of the volumes of water which 
have been injected elsewhere in the field without creat- 
ing breakthrough in the adjacent producing wells. 
Assuming a radial pattern of water advance from each 
injection well, a circle has been drawn passing through 
the nearest producing well. The reservoir volume thus 
enclosed has Leen determined and the amount of water 
which had been injected into this reservoir volume to 
Sept., 1954, has been computed in terms of barrels per 
acre-foot. These data are reported in Table 3. The 
injected volumes range upward to 347 bbl/acre-ft and 
generally indicate excellent performance of the flood 
advance in view of the lack of breakthrough in the 
nearest producing wells. 


CONCLUSIONS 


Based upon the 17 months experience in the Lang- 
ston-Kleiner 3,550-ft sand waterflood operations, it is 
concluded that: 


|. The degree of fracturing applied in this field has 
resulted in providing satisfactory injection rates 
through perforations and in open hole. It is probable 
that injection capacity has been increased in certain 
wells in which the sand development is poor. The 
necessity of shooting with nitroglycerine and the ex- 
pense of clean-outs has thus been eliminated. 


2. The breakthrough performance to date, accented 
by the lack of breakthrough over the major portion of 
the flood area, indicates that no detrimental effect on 
sweep efficiency is resulting from fracturing applied in 
this field. 
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3. The experience cited in this paper should not be 
interpreted as universal endorsement of fracture treat- 
ments in waterflood operations. Consideration of reser- 
voir conditions and size of fracture treatments should 
be made and will undoubtedly have a bearing on the 
technique of flooding. However, as demonstrated here, 
past application of fracture treatments in a field does 


ROLAND GOULDY 
MEMBER AIME 


Data presented by Roark and Lindner are believed 
to be the first in the literature relating actual field per- 
formance to the effect of fracture treatment on water 
flooding. 

The conclusions reached by the authors are encour- 
aging in view of the present extensive use of fracture 
treatment in primary production, but it should be em- 
phasized that the limitations placed on those conclu- 
sions by the authors should not be overlooked. Quota- 
tion of the abstract of this paper in a recent paper on 
evaluation of flood prospects as a comment on “the 
unfavorable view expressed on large facture treatments” 
underlines the need of such emphasis since the fracture 
treatments used in the Langston-Kleiner field were not 
large. 


not necessarily eliminate the prospect of a successful 
waterflood operation. 
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It should be noted that, based on observed effect on 
injectivity and size of fracture treatments, depth of frac- 
tures is probably small in comparison with well spacing 
and the detrimental effect on sweep efficiency, if any, 
would be small. 

Based on saturation and porosity values given, it 
appears that only one of the injection wells listed in 
Table 3 has received sufficient water to show conclu- 
sively lack of detrimental effect. 

In view of the demonstrated benefits of fracturing on 
primary recovery it is hoped that the authors will re- 
view this paper at a later stage of depletion of the proj- 
ect and that others will present field data concerning 


this problem as it becomes available wae 


AUTHORS’ REPLY to ROLAND GOULDY 


Roland Gouldy observes that this paper has been 
quoted in a recent trade journal article with the infer- 
ence that the authors have concluded that the expe- 
rience in the Langston-Kleiner field may be expected 
to be reflective of waterflood performance of reservoirs 
which have been subjected to large fracture treatments. 
Judgment has specifically been reserved on the matter 
of the effect of size of treatments in all three conclu- 
sions stated at the close of the paper. The information 
presented and the conclusions drawn are restricted to 
conditions present in the subject field. 
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The further observation is made that only one well 
listed in Table 3 has received sufficient water to show 
conclusively lack of detrimental effect by fracturing. 
The total volume of mobile fluid to residual oil satura- 
tion in this reservoir is estimated to be 318 bbl/acre-ft. 
This volume should be reduced by the appropriate 
amount to account for areal coverage and stratifica- 
tion effects. Thus, the authors feel that data presented 
on Langston No. 76, McKinley-Langston W. I. 4 and 
Sweet No. 21 are significant in this respect. wk 
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ABSTRACT 


A study of waterflood efficiency, given in terms of oil 
recovery at water breakthrough and ultimate recovery, 
has been made on short, consolidated Pyrex glass cores 
rendered oil-wet by chemical treatment. Contact angle, 
interfacial tension, permeability and porosity were the 
variables considered. Oil and water viscosities, core 
length and velocity of flooding were held constant. 


The data permit interfacial tension, contact angle, 
porosity, and permeability to be grouped into a scaling 
coefficient along with viscosity, velocity of flooding and 
length of core. Correlation of the scaling coefficient 
with recovery at water breakthrough is found to follow 
prediction; correlations of ultimate recovery demand a 
scaling coefficient different from that which correlates 
breakthrough recovery. 

The work indicates that, with proper control, a group 
of similar natural cores, of permeability plug size, can 
be correlated to indicate basic flooding performance. 


INTRODUCTION 


The fraction of oil recovered from a porous medium 
is related to both reservoir conditions and production 
techniques. An investigation of all factors that enter 
into this relationship is necessary in order to arrive at 
the optimum method of exploitation for oil reservoirs. 

To define this relationship, laboratory studies have 
been made by a great many investigators. However, an 
important obstacle arises if the results of these experi- 
ments on water flooding are to be applied to practice. 





1References given at end of paper. 
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Paper presented at Petroleum Branch Fall Meeting in San Antonio, 
Oct. 17-20, 1954. 

Contribution No. 54-32, College of Mineral Industries, The Penn- 
sylvania State University, State College, Penn. 
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Differences in behavior are to be expected between 
reservoirs of the dimensions encountered underground 
and those used in laboratory work. Factors which play 
an important role under laboratory conditions may be 
of no consequence in reservoirs. Laboratory operating 
practices generally differ from field operating practices. 
Thus, a mere understanding of the mechanism of the 
displacement of oil by water is not enough. It is just as 
necessary that the process be analyzed dimensionally 
to give continuity and validity to the conversion from 
laboratory to field. 

The theory of oil displacement that has come to be 
accepted by the majority of those who are associated 
with reservoir mechanics had its beginning in the work 
of Leverett* and Buckley and Leverett’. The banking of 
oil, observed by many previous workers, was described 
by the “fractional flow” and the “frontal advance” 
equations. The validity of the Buckley-Leverett theory 
was substantiated by the experimental and theoretical 
work of Terwilliger et al’; moroever, the theory was ex- 
tended by the introduction of the idea of a “stabilized 
zone” to describe the banking of oil. Levine’ showed that 
the Buckley-Leverett equations gave reasonable agree- 
ment between calculated and experimental breakthrough 
recoveries only if the capillary pressure and gravity 
terms were included. 

Rapoport and Leas* investigated the properties of 
linear floods and showed that both breakthrough and 
maximum recovery are related to a “scaling coefficient” 
derived from the Buckley-Leverett equations. Jones- 
Parra and Calhoun’ presented another scaling coeffi- 
cient which included both viscous and capillary vari- 
ables. Such scaling coefficients should suffice to predict 
waterflood efficiency. However, some experimenters re- 
port data which does not appear consistent with the 
scaling coefficient approach. For example, Engelberts 
and Klinkenberg’ conducted an extensive series of ex- 
periments on a dimensional model which contained a 
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TABLE 1 — SUMMARY OF CORE PROPERTIES 
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total of 12 independent variables; they concluded that 
water-wet systems had an anamolous behavior at high 
viscosity ratios. Jones-Parra, Stahl, and Calhoun* re- 
ported experimental results in which they show agree- 
ment with the Buckley-Leverett theory only on the basis 
of the time dependency of both the saturation gradient 
and the fractional flow equation. Warren and Calhoun’ 
have extended this to indicate the test conditions under 
which a stabilized flood has occurred. 

The immediate problem is to introduce sufficient 
control into experimentation so that the variables ap- 
pearing in the scaling coefficient can be separated and 
their individual roles evaluated. This experimental work 
was begun with that thought in mind. Since the break- 
through recovery appears specifically in correlations 
based on theory, it was taken to be a standard for com- 
parison. In addition, it was deemed desirable to com- 
pare efficiency at some common endpoint. Therefore, 
ultimate recovery, as used here, is defined as the oil 
recovered after injection of 20 pore volumes of brine. 


EXPERIMENTAL PROCEDURE 


MATERIAL AND EQUIPMENT 


The cores used in the experimental work were 
fritted, “Pyrex” brand, chemical glass. They were desig- 
nated as medium porosity and had a nominal pore 
diameter of 10 to 15 microns. The cores were cleaned 
by washing with hot hydrochloric acid to insure that 
they were compietely water wet. The ends were then 
cut off to eliminate any inhomogeneities due to the 
manufacturing process; this gave a core length of 3.71=+ 
.OS cm. The diameter as manufactured was 2.05+ .05 
cm. Air permeabilities and porosities (using distilled 
water to avoid contamination) were determined for all 
cores. A summary of core properties is given in Table 1. 

The displacing phase was .25N brine solution with 
10 parts of HgCl, per million parts of brine added to 
prevent bacterial growth. The properties of the brine are 
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TABLE | SUMMARY OF CORE PROPERTIES 
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listed in Table 2. This displacing fluid will be called 
simply “brine” in the remainder of this discussion. 

The displaced liquids were mixtures of organic liq- 
uids which were immiscible with brine and were not 
solvents for Dri-film. The mixtures were chosen so that 
they would have equal viscosities but different interfacial 
tensions against brine. These test fluids, referred to as 
I, If, If and IV, had viscosities of 1.94+ .04 cp and 
a spread in interfacial tension from 12.9 to 61.2 
dynes/cm. The fluid properties and compositions are 
given in Table 2. Since it was realized that the displaced 
fluids would be in contact with the neoprene sleeve of 
the test apparatus, a piece of neoprene was allowed to 
soak in each of the organic liquids for 24 hours. This 
resulted in a lowering in the interfacial tensions of from 
.6 to 5.8 dynes/cm. These interfacial tension values are 
also recorded in Table 2 and are the values used for 
correlations. 

The test set-up, shown in Fig. 1, was designed and 
constructed to: (1) permit quick and simple mounting 
and dismounting of the cores and prevent leakage of 
fluid, (2) allow measurement of the displacement pres- 
sure of the core after it was mounted for the run, (3) 
furnish a means for flooding the cores with brine at 
a constant rate, and (4) provide a method for the accu- 
rate measurement of breakthrough recovery without 
dismounting the core. 

It was felt that these objectives were satisfactorily 
attained by: (1) using the Hassler sleeve type of core 
mount, (2) using a constant rate displacement pump 
(Milton Roy Mini-pump) with a surge filter, and (3) 
employing electrical conductivity to determine time of 


23 





PROCEDURE 


breakthrough. Brass, Saran, Pyrex glass, Tygon and 
Neoprene were used in the construction of the equip- 
ment. 

It was decided that three variables would be studied; 
they were y, \/K@ and cos 0. By holding L, v, c and 
tw Constant, the independent effects. of the indicated 
variables could be investigated by making 28 runs. The 
runs were set up on this basis: 


V Kd, V Ko: V Ko V Kd, 
cos 0, cos 0, cos (). cos €), 
cos (), cos (), cos ¢) cos () 

cos 0, cos e, cos ¢) cos ¢ ), 
cos 0, cos 0, cos €), cos () 
cos ©, cos Q, cos €). cos (), 
cos 0, cos 0, cos ¢). cos () 


cos 0, cos 0, cos (). cos (), 


1 


The variations in \/Kq@ were inherent in the cores 
themselves; y was varied by using the four organic 
liquid mixtures described in Table 1; it was decided to 
vary cos © by treatment with Dri-film as suggested by 
Bethel’. A group of capillary tubes was treated and 
tested to determine the effect of concentration on the 
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TABLE 2 — FLUID PROPERTIES AND COMPOSITIONS 
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Fic. | — EXPERIMENTAL APPARATUS. 
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TABLE 3 — CAPILLARY PRESSURE DATA FOR WATER WET CORES 
(CORES CLEANED WITH HC! — UNTREATED WITH DRI-FILM) 
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contact angle. These tests indicated that reasonable con- 
trol could be exercised over the contact angle. On the 
basis of these tests, 33 cores were treated with Dri-film 
in solution with toluene. The concentrations of Dri-film 
by weight were .001, .01, .1, and 1.0 per cent. Capillary 
pressure curves were run on four untreated cores, 
(Table 3) using air as the displacing, non-wetting phase 
and distilled water as the displaced, wetting phase. This 
was done to obtain a reference to permit the determina- 
tion of the contact angles from the displacement pres- 
sures measured prior to each individual run. 

The pump rate was fixed by calculating the rate nec- 
essary for stabilization on Rapoport and Leas’ Dri- 
filmed alundum core when the capillary pressure vari- 
ables were included in the scaling coefficient. It was 
found that a pump rate of 5.0 cc/min would give 
a safety factor of two on this basis. 

Before each run, the core to be flooded was com- 
pletely saturated with hydrocarbon. After being placed 
in the Hassler sleeve, a sleeve pressure of 100 psig was 
applied. A displacement pressure for water entering the 
core was then measured by applying an inlet pressure 
through a mercury leveling bulb and observing displace- 
ment in the fine capillary tube. This portion of the 
apparatus was arranged so that it could be sealed off 
before the displacement at constant rate was begun. 

Breakthrough recovery was considered to be equal 
to the volume of brine injected into the core at the time 
that the neon bulb began to glow, thus indicating water 
saturation throughout the core. After 20 pore volumes of 
brine had been flooded through a core, the displacement 
was stopped and the core transferred to an ASTM 
distillation apparatus for the determination of final 
brine and oil saturation. The ultimate recovery listed is 
an average of the volumetric (recovery) and ASTM 
values. 


DISCUSSION 
In the analysis of the displacement pressure data, the 
basic assumption was that the acid-cleaned, untreated 
cores were water-wet (cos © = 1.0). The values of the 


VOL. 204, 1955 


Kozeny constant were calculated from capillary pressure 
data in Table 3 as suggested by Rose and Bruce” and 
plotted in Fig. 2. The linearity of this plot implies that 
the hydraulic radius, r, was constant for these cores. 
Since Carman” has shown that the average pore 
diameter, d, is equal to twice the hydraulic radius, it 
was possible to determine d. Its value was found to be 
23.2 X 10° cm; this agrees fairly well with the manu- 
facturer’s value of 10 15 <X 10° cm for this type 
core. 

The value of cos 0 was determined for each run by 
taking the value of the Kozeny constant from the graph 
in Fig. 2 and substituting it in the following equation: 


cos © \ 
i ¢ 


— 
Bn; my ' 
where .Y ; is the limiting value of the j-function as 


100 per cent wetting phase saturation is approached. 

A plot of the experimentally determined values of 
cos @ is shown in Fig. 3. Averaging the values at each 
concentration gives a linear plot vs log of the concen- 
tration. 

A graphical summary of breakthrough recovery for 
all runs made with Fluid | (, 55.4 dynes/cm), 
except run 15, is presented in Fig. 4 with cos © as the 
correlating variable. A definite trend was observed 
which indicates that breakthrough recovery varies in- 
versely with cos 0. Fig. 5 is a replot of the break- 
through recovery data shown in Fig. 4 with \/K@¢ as 
the correlating variable and cos © constant. An excellent 
linear correlation between \/Kq@ and breakthrough re- 
covery is obtained. The variation in recovery was of 
the order of 6 per cent for each cos © value. Figs. 4 
and 5 lead to the conclusion that cos 0 plays a more 
important role than \/K@ in controlling breakthrough 
recovery. It may also be observed that a tight formation 
is more sensitive to variations in wettability and that 
recovery approaches a maximum as neutral wettability 
is approached. 
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Fic. 2— VALUES OF THE KOZENY CONSTANT 
CALCULATED FROM CAPILLARY PRESSURE DATA IN 


TABLE 3 AS SUGGESTED BY ROSE AND BRUCE”. 





In Fig. 6, the data from the preceding runs using 
Fluid I and the remainder of the data using Fluids II, 
and III and IV are plotted against y with \/K¢@ and 
cos © held constant. These curves indicate a linear 
decrease in recovery as y is increased; the decrease is 
substantial. It is inferred that y, as well as cos @ is 


more important than VKo in controlling breakthrough 
recovery. This inclusion of y in the scaling factor fol- 
lows the experimental data published by Root”. 


Fig. 7 offers a plot of all the data with breakthrough 
recovery vs the generalized, dimensionless scaling co- 
efficient inferred from the theoretical work of Jones- 
Parra and Calhoun’. For this plot average values of 
cos © as read from Fig. 3 are used. This representation 


shows a linear trend within each \/K@ group. This 
would be expected since it is actually a plot of the 
equation for breakthrough recovery 


Recovery = A — ptt ves. 
cLvyw 

where A and B are constants only if (1) a constant 
j(S,,) correlation and (2) the same relative permeability 
curves apply to all cores under consideration. This 
makes it impossible to correlate the breakthrough re- 
covery in Fig. 7 on a single plot for all cores. The 
failure to correlate lies in the inability to include all 
factors in the recovery equation. In particular, the 
absolute permeability or the cos 6 might not be prop- 
erly included. In this group of cores, the pore size 
distribution was shown to be uniform; therefore, 
changes in absolute permeability must have been due 
to different tortuosities. Changes in cos © will limit 
the validity of the j(S,) function at low wetting phase 
saturations and thus change the degree to which cos 0 
enters the recovery equation. This can be seen more 
explicitly in Fig. 5. At the two higher values of cos 0, 
the first power of cos © will serve to bring the data 
into a single correlation, but at the two lower values 
of cos 0, approximately the square of cos © is necessary 
to correlate. 


The tabulated data and Fig. 4 show the effect of 
cos 8 on the ultimate recovery; as cos © increases, 
ultimate recovery increases. This is exactly opposite to 
the effect that cos © produced on breakthrough re- 
covery. It is, however, in the direction suggested by 
Bethel, et al’. The effect on ultimate recovery can be 
explained by the fact that the wetting phase covers a 
maximum surface area at a given saturation when the 
contact angle approaches zero; this prolongs the funi- 
cular region of saturation, permitting the achievement 
of a lower residual. 

The different values of residual oil can be considered 
in the recovery equation if the j(S,.) function is modi- 
fied to account for different residuals. This is done by 
using a reduced function j(S,’) vs a reduced sat- 


Sy — S. r 


uration S,’ which is equal to oe 2 


. The scaling 


y cos 0 \/K¢ 
cLvp.(1 S..) 


coefficient then becomes . In Fig. 8, 


breakthrough recoveries ploited vs this coefficient indi- 
cate a reasonable linearity for each Dri-film treatment 
(approximately constant cos 0). 
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Fic. 3—A PLOT OF THE EXPERIMENTALLY 
DETERMINED VALUES OF Cos 0. 














Fic. 4— GRAPHICAL SUMMARY OF BREAKTHROUGH 
RECOVERY FOR ALL RUNS MADE WITH FLuID I (y = 55.4 
DyNEs/CM) EXCEPT RUN 15. Cos 0 Is THE 
CORRELATING VARIABLE. 





~ 
° 


AT BREAKTHROUGH 








% RECOVERY 

















Fic. 5 REPLOT OF THE BREAKTHROUGH RECOVERY 
DaTA SHOWN IN FIG. 4 WITH \/Kq@ AS THE CORRELAT- 
ING VARIABLE AND Cos © CONSTANT. 


PETROLEUM TRANSACTIONS, AIME 





TABLE 4-— SUMMARY OF RECOVERY DATA TABLE 4 — SUMMARY OF RECOVERY DATA 


(Continued 


Treatment 
; Break Ulti-** 


through mate cos © 7/ Ke 
Recovery Recovery elvis (di 
1029 PD (% Pore (% Pore « 
1108 Run No. (cm Hg) cos Vol.) Vol mensioniess) cos 0 
1071 .364 80.0 84.2 96 107 
1148 .525 67.8 85 40. 
1180 .760 54.6 87.0 
1181 -930 53 86 
1074 .430 73 82.0 
1086 .350 74 79.8 
1053 462 70.5 77 
1197 710 54 30.8 
1275 -856 56 84 
1176 010 55.0 84 
1187 580 60.5 79.1 
1187 550 61.8 79. 
Core Fractured .750 55 30 
1308 980 52.1 30.9 
1025 — Core Fractured — 
1184 1.005 50.0 
1196 .430 83.0 
1160 1.320 75.0 
1026 800 70.0 
1080 961 66.0 
1215 .270 79.5 
990 518 71.2 
995 .720 66.9 
1198 965 61 
1072 .329 84.1 
1284 .690 77.0 
1097 .820 71.8 
1095 -980 63 
1192 .680 58.8 
1188 410 76 
960 830 62 
.060 53 
435 67.5 
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(sec) 
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The data also indicate a decrease in ultumate recovery 
with an increase in y while all other factors are held 
constant. The most reasonable explanation of the ob- 
served results is that as y increases, the radius of curva- 
ture of the wetting phase increases for a given pressure. 
This indicates that the volume of fluid trapped at the 
maximum applied pressure would increase as y and the 
radius of curvature increases, with wettability held 
constant. 

Fig. 9 is a plot of all the ultimate recovery data 
against a generalized correlation function. This shows 
that although the same variables control ultimate 
recovery as control breakthrough recovery the variables 
must be combined in a different manner. 


ERRORS 


It is impossible to evaluate the possible or even 
probable errors in an experiment of this type. However, 
it is possible to compare the results from four pairs of 
cores having similar wettability and \/K@ values and 
saturated with the same fluid. For breakthrough re- 
covery, the variation was 1.9 per cent of pore volume 
from the mean value; for ultimate recovery, the varia- 
tion was + .6 per cent of pore volume from the mean 
value. In Fig. 4 the duplicate run data are plotted to 
show the magnitude of the differences. 


CONCLUSIONS 


The following conclusions were drawn from these 
tests: 


1. Fritted Pyrex cores can be treated to reasonably 
well-controlled degrees of wettability; the cores have 
uniform pore size distribution but varying tortuosity. 


2. The cos © calculated from displacement pressures 
is a reasonably good quantitative measure of wettability. 


3. Breakthrough recovery correlates with 
y cos 0 \/ Kd. 


4. Ultimate recovery at 20 pore volumes of through- 
put correlates with 


Y fe 
cos 0 \ ity 


5. The equation for breakthrough recovery presented 
by Jones-Parra and Calhoun was validated for the group 
of cores studied; however, it was recognized that it was 
limited in its range of applicability by the effect of 
tortuosity on the relative permeability function and the 


NOMENCLATURE 


= interfacial tension (dynes/cm) 


contact angle (degrees) 
pore diameter (cm) 
hydraulic radius (cm) 


oes99 


Leverett’s “j” function (dimensionless ) 


= saturation (% ) 
= pressure (cm of Hg) 
- permeability (darcy) 


fractional porosity (dimensionless ) 
viscosity (cp) 
Kozeny constant (dimensionless ) 


= viscosity ratio (dimensionless ) 
= length (cm) 
= velocity (cm/min) 


Swy 
FwKo : a-asia ls 
0 Sw d Sw 


Fw — f. 


Sw, 


QO = volume (cm’) 


cm* 
q = flow rate ( - ) 
min 


p = density (gm/cm’) 


| (see a) 


Gi bho e@Sw du 


Ko pw 
Kw po 


tortuosity (dimensionless ) 


effect of wettability on the j(S,) function. ye 

o = oil 

D = displacement 

V = variable zone 
The data in this paper are extracted from a thesis S = stabilized zone 

by J. E. Warren which was submitted to The Pennsyl- 

vania State University in partial fulfillment of require- 

ments for the M S degree. Warren held the Stanolind 

fellowship in petroleum engineering at The Pennsylvania > = capillary 

State University during the majority of the time while = grain 

this research was in progress. A part of the laboratory 
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Warren by the South Penn Oil Co. research project 
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WELL PRODUCTIVITY INCREASE from DRAIN HOLES 
as MEASURED by MODEL STUDIES 


R. L. PERRINE 
JUNIOR MEMBER AIME 


ABSTRACT 


The use of drain holes drilled from a well to im- 
prove productivity is becoming increasingly common. 
This paper presents data on the productivity increase 
that may be expected. The data were obtained by use 
of an electrolytic tank model of a reservoir. Parameters 
varied in the study to show their effect on productivity 
include the length, number, and arrangement of drain 
holes, formation thickness, and damage near the well- 
bore. 

The most important results are that very large in- 
creases in productivity can be expected only in dam- 
aged wells. The distance to which drain holes pene- 
trate is of primary importance. Additional length is 
more effective than increasing the number of drain 
holes. 


INTRODUCTION 


In planning the use of drain holes to improve pro- 
ductivity, it is important to be able to estimate the 
increase in production that can be obtained for a given 
expenditure. It is also important to know what com- 
bination of parameters related to the use of drain holes 
can be chosen to give the largest production increase. 
This paper presents data on the productivity increase 
that may be expected, as obtained by use of an elec- 
trolytic tank model of the reservoir. In this study, a 
number of parameters were varied to show their effect 
on productivity. These included the length, number, and 
arrangement of the drain holes. The presence or absence 
of a damaged zone of low permeability around the well- 
bore and the thickness of the producing formation 
were also considered. 
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Paper presented at Pacific Petroleum Chapter Fall Meeting in Los 
Angeles, Oct. 7-8, 1954. 
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DEFINITIONS AND ASSUMPTIONS 


The productivity increase that might be expected 
due to drain holes is presented as the ratio: productivity 
of a well after drain holes are drilled and completed 
to the productivity of the same well in an undamaged 
state without drain holes. The symbol Q/Q, is used to 
represent this productivity ratio. Thus, the comparison 
in each case is with a formation of uniform and un- 
damaged permeability. 

Additional notation includes r, for the radial extent 
of the damaged zone, which is assumed to be cylindrical 
and concentric with the wellbore. Thus the effect of an 
actual block is approximated by a discontinuous varia- 
tion in permeability. For purposes of this paper, the 
permeability within the damaged zone, denoted by &,, 
is assumed to be 1/25 that in the remainder of the 
formation, or k. 

A necessary assumption in making comparative tests 
using an electrolytic model is that reservoir flow be- 
havior can be approximated by single-phase, steady- 
state flow according to Darcy’s Law. In addition, the 
formation must be assumed to be homogeneous with 
equal horizontal and vertical permeability. The well- 
bore diameter in this study is assumed to be 11% in, 
and the drainage radius of the well equal to 500 ft. 
The drain holes are considered to have been completed 
without damage. 


THE ELECTROLYTIC MODEL 


The producing formation was modeled by forming 
a sheet of phosphor-bronze into a cylinder 40% in. in 
diameter to represent the boundary of the drainage 
area. This was enclosed in a waterproofed plywood 
box, and the box filled to an appropriate level with 
a dilute sodium chloride solution. Solution concen- 
tration was adjusted to give a total resistance from 
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Fic. 1 — Propuctivity INCREASE IN AN UNDAMAGED 
FORMATION. 


the boundary to the well of several thousand ohms. 
A copper wire coated with platinum black located at 
the center of the cylinder served as the wellbore. Model 
drain holes were made by soldering together wires of 
the proper diameter, then bending and trimming them 
to size. In all cases the drift of the final straight line 
portion of the drain hole was 90 degrees. 

Damaged zones were simulated by lucite cylinders 
drilled to permit penetration by drain holes. Because 
lucite is a nonconductor, the model simulated a forma- 
tion with no permeability within the damaged zone. It 
was assumed in obtaining productivity ratios from these 
results that flow through the damaged zone could be 
neglected in comparison with that through drain holes. 
Radial flow equations were used to calculate produc- 
tivity for damaged formations in the absence of drain 
holes. 

Two types of drainhole arrangements were consid- 
ered. In one, drain holes were assumed to be drilled 
in pairs at the same depth, the members of a pair 
oriented 180 degrees apart. Up to four such pairs, or 
eight drain holes, were considered for each 100 ft of 
formation. In the other arrangement, four drain holes 
were drilled at a single depth and at right angles to 
each other. Where pairs at two depths were considered, 
the vertical separation of the drain holes was assumed 
to be 35 ft in the 100-ft formation. With pairs at three 
depths, the separation between pairs was 25 ft. Sketches 
of drainhole arrangement are included in the figures 
and tables to follow to avoid ambiguity. Drainhole 
length as used in this paper is the horizontal distance 
from the center of the wellbore to the end of a drain 
hole. The actual length of the curved hole that is drilled 
will be somewhat longer. 

The resistance between the boundary cylinder and 
center wire was measured for each model drainhole 
arrangement using an a-c bridge circuit in which the 
capacitance of the tank was balanced out. From these 
data, the flow of current in the solution, corresponding 
to the flow of fluid through a porous medium, could 
be obtained for any arrangement under a fixed poten- 
tial. The ratio of this current to that for the single 
wire dipping into the solution at the same potential 
gave the desired productivity ratio. 


PRODUCTIVITY INCREASE RESULTING 
FROM DRAIN HOLES 


The productivity increases that may be obtained by 
drilling drain holes from a well are presented in Figs. 
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1 through 7 and Tables | and 2. The sections of the 
paper to follow describe these results. The first sec- 
tion presents productivity increases as functions of the 
length of the drain holes for from two to six drain 
holes. The second considers the effect of damage around 
the wellbore. The third section discusses the effect of 
number and arrangement of the drain holes. Results 
are included in each section for both 100- and 25-ft 
thick formations. 


EFFECT OF DRAINHOLE LENGTH ON 
PRODUCTIVITY 


The productivity ratio in an undamaged formation 
is described in Fig. 1 as a function of the length of 
drain holes drilled in 100 ft of formation. Curves are 
presented for two, four, and six drain holes arranged 
in pairs, each pair at a different level. An almost straight 
line relationship exists between the productivity ratio 
and drainhole length for drain holes between 25 and 
100 ft in length. Thus, any increase in length of the 
drain holes is reflected in increased productivity. The 
improvement obtained, however, is moderate. Six 100-ft 
drain holes only increase the productivity ratio to about 
two and one-half. Another point for consideration is 
that in the undamaged formation, more than half of 
the increase could have been obtained with just two 
drain holes. Doubling the number of drain holes does 
not double the productivity. 

Similar results for damaged formations are presented 
in Figs. 2 and 3. In Fig. 2, the permeability is assumed 
to be reduced to a distance of 6.25 ft from the well, 
while in Fig. 3, the radius of the damaged zone is 
taken to be 12.5 ft. Where the formation has been 
damaged, a linear relationship no longer exists between 
productivity ratio and length of the drain holes. Pro- 
ductivity increases more rapidly with drainhole length 
than in undamaged formations, particularly if four or 
six drain holes penetrate the formation. Comparison 
of Figs. 2 and 3 with Fig. | will show, however, that 
drainhole lengths in excess of 50 ft are required before 
the productivity of a damaged well with drain holes 
approximates that for an equivalent but undamaged 
formation with the same number, length, and arrange- 
ment of drain holes. 
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. 3 — PRODUCTIVITY INCREASE IN A DAMAGED 
FORMATION. 
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Fig. 4 presents results with two drain holes drilled 
into a 25-ft thick formation. The productivity ratio is 
plotted against the length of the drain hole. Both dam- 
aged and undamaged formations are considered. The 
productivity ratio in the undamaged formation is again 
almost a linear function of length once the length ex- 
ceeds 25 ft. Also, approximately 50 ft of drain hole 
are required for productivity in a damaged formation 
to approximate that with no damage and the same 
number of drain holes. 


EFFECT OF DAMAGE IN THE WELLBORE REGION 


Productivity ratios for drain holes in a 100-ft sand 
are plotted as functions of the radial extent of damage 
in Figs. 5 and 6. The permeability within the damaged 
zone is 1/25 that elsewhere. Fig. 5 shows results for 
drain holes 40 ft in length, with curves for two, four, 
and six drain holes. Fig. 6 presents data for four drain 
holes, with separate curves for those 20, 40, and 100 ft 
in length. 

These results show that both length and number of 
drain holes are important factors influencing increased 
productivity from a damaged formation. Neither the 
productivity ratio for six 40-ft drain holes nor that 
for four 100-ft drain holes decreases very much within 
the range of damage considered. The curves for two 
40-ft drain holes or four 20-ft drain holes show a 
rapid decrease with increasing extent of damage. 

In Fig. 7, the productivity ratio is shown as a func- 
tion of the radius of the blocked zone with a formation 
thickness of 25 ft. Results for two drain holes, of 
lengths 20, 40, and 100 ft, are included. Permeability 
within the damaged zone is 1/25 of that elsewhere. In 
a 25-ft sand, the productivity ratio decreases almost 
linearly with increasing extent of damage, within the 
range of damage considered. The decrease, however, is 
more rapid for the shorter drain holes. 


EFFECT OF NUMBER AND ARRANGEMENT OI! 
DRAIN HOLES ON PRODUCTIVITY 


Table 1 includes data for from one to six drain 
holes arranged in several ways within a 100-ft forma- 
tion. The length of each drain hole-is 40 ft. Both dam- 
aged and undamaged formations are considered. 

The measured productivity ratios increase gradually 
as the number of drain holes increases. The increase 
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is somewhat more rapid in the damaged formations. 
The effects of damage, however, are still evident with 
even the largest number of drain holes. 

Arrangement is of relatively little importance with 
40-ft drain holes. Results for four drain holes at the 
same level and at right angles to each other are very 
close to those for four drain holes at two levels, by 
pairs, the members of each pair 180 degrees apart. 
This independence of productivity increase on arrange- 
ment continues for drain holes between about 40 and 
60 ft in length. With 30-ft drain holes, the arrange- 
ment by pairs is more effective. For lengths greater 
than 80 ft, the arrangement with four drain holes at 
right angles to each other should be more effective. The 
arrangement by pairs, however, with the members of 
each pair 180 degrees apart, has an additional advan- 
tage. If a water flood is to be used as a secondary 
recovery measure, drain holes at 180 degrees, properly 
oriented, may permit a close approach to a line drive 
type of flood. The increased coverage obtained can 
make the flood much more effective. 

Results for from one to four 40-ft drain holes in a 
25-ft formation are included in Table 2. Both damaged 
and undamaged formations are considered. Two drain 
holes in 25 ft of sand are approximately equivalent 
to eight in a 100-ft formation. The increase in pro- 
ductivity ratio obtained by drilling the third and fourth 
of a total of four drain holes is quite small in an un- 
damaged formation. These additional drain holes are 
a little more effective where there is damage. 


CONCLUSIONS 


Drain holes drilled out into the formation from a 
well can give significant increases in productivity. The 
effects of some of the factors influencing such increases 
have been described in this paper. The important con- 
clusions to be drawn from the results are as follows: 

|. Large increases, such as changing productivity by 
a factor of 10, can be obtained only when there is 
initially a zone of reduced permeability around the well- 
bore. The largest increase obtained for conditions con- 
sidered in this study was to about 2% times the un- 
damaged productivity. 

2. The distance to which drain holes penetrate is 
of primary importance. In contrast to some means of 
improving productivity, drain holes must extend an 
appreciable distance beyond a damaged zone in order 
to overcome the effects of damage. 
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TABLE 1 — PRODUCTIVITY INCREASE FROM DRAIN HOLES AS A 
FUNCTION OF THEIR NUMBER AND ARRANGEMENT 
(100-FT THICK FORMATION) 


Q/e, represents the ratio of productivity with drain holes to undamaged 
productivity without drain holes. The radius of the damaged zone is denoted 
by r: Permeability within the damaged zone is 1/25 that elsewhere. The 
length of each drain hole is 40 ft. 
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2 0.0 
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TABLE 2 — PRODUCTIVITY INCREASE FROM DRAIN HOLES AS A 
FUNCTION OF THEIR NUMBER AND ARRANGEMENT 
(25-FT THICK FORMATION) 


Q/Q_ represents the ratio of productivity with drain holes to undamaged 
o 


productivity without drain holes. The radius of the damaged zone is denoted 


by ro Permeability within the damaged zone is 1/25 that elsewhere. The 


length of each drain hole is 40 ft. 


Arrangement of 


Number of 
ft __ Drain Holes 


Drain Holes b 
1 0.0 
2 0.0 
0.0 


3. The number of drain holes, while of importance, 
is secondary to length. Additional length is more effec- 
tive in improving productivity than increasing the num- 
ber of drain holes, regardless of the conditions of dam- 
age. Where individual sand members are separated by 
impermeable barriers, however, several drain holes may 
be necessary to obtain appreciable formation exposure 
within each sand. In such cases the productivity increase 
from each section of the formation must be considered 
separately. 

4. The arrangement of drain holes is of little im- 
portance as far as productivity is concerned for drain 
holes extending 40 to 60 ft from the well. With shorter 
drain holes, the arrangement by pairs (the members 
of each pair at a single level and oriented 180 degrees 
apart) is most effective. The arrangement by pairs also 
permits a close approach to a line drive with additional 
coverage in a subsequent water flood. Four drain holes 
placed toward the bottom of the producing interval and 
at right angles to each other, however, may permit 
better utilization of gravity drainage where this pro- 
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duction mechanism operates. Other less symmetrical 
arrangements may result in most efficient use of drain 
holes in a particular well. Thus the best arrangement 
must be decided on the basis of the individual well. 

5. The cost of drilling drain holes, when compared 
with the anticipated increase in productivity of the 
well, is of considerable importance. Cost is primarily 
dependent on the rate of drilling, and has varied be- 
tween $25 and $250/ft of drain hole based on a lim- 
ited number of different California formations. Favor- 
able conditions for drain holes may permit costs of 
about $25/ft or less. A satisfactory cost estimate can 
be made only on the basis of individual well conditions. 
Equipment used for drilling short drain holes is less 
expensive to rent than that for long holes. This tends 
to offset the advantages of length over number. How- 
ever, each drain hole includes an initial, sharply curved 
section that is relatively unproductive for the number 
of feet actually drilled. The result is that a smaller 
number of long drain holes requires appreciably less 
drilling footage to give the same productivity increase. 

6. The data included in this paper show that up 
to a point, the increase in productivity is nearly pro- 
portional to the combined length of all drain holes 
drilled into the formation. Beyond this point, the 
additional productivity increase per foot of added drain 
hole length diminishes. Thus for the conditions assumed 
in this study, 2 to 4 ft of combined drainhole length 
per foot of formation thickness appears most readily 
justified. More than 4 ft of combined drainhole length 
per foot of net sand appears justified only where the 
additional cost is low, or where damage has reduced 
productivity permitting additional improvement to be 
obtained. 

A total of 2 ft of drainhole length for each foot of 
net sand thickness may result in a productivity about 
1.7 times as large as that for the undamaged forma- 
tion. Thus, the additional production provided by drain 
holes is 0.7 times that for the undamaged formation, 
or a 70 B/D increase might be expected from an un- 
damaged 100 B/D well. Four feet of drainhole length 
per foot of formation should give a productivity about 
2.1 times that of the undamaged formation. Thus, 
doubling the drainhole length would contribute only 
another 40 B/D to production 

In damaged formations, the increases obtained will 
be larger, with considerable dependence on the degree 
of damage. Two ft of drainhole length per foot of 
formation not only can restore the undamaged pro- 
ductivity, but may provide in addition about one-half 
the production that would be obtained from the un- 
damaged well. Thus, a well with an undamaged poten- 
tial of 100 B/D, but with production reduced by dam- 
age to 20 B/D, might produce 150 B/D after drilling 
the necessary footage of drain holes. Four ft of drain- 
hole length for each foot of net sand is sufficient to 
give about twice the productivity of the undamaged 
formation. Thus, the 20 B/D damaged well with a 
100 B/D undamaged potential might produce about 
200 B/D with the greater drainhole length. Only 50 
B/D of the 200 B/D production, however, would be 
provided by the extra drainhole length. 

The numerical increases presented above are aver- 
ages from the tabulated results, and thus cannot be 
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5 — PRODUCTIVITY INCREASE AS A FUNCTION OF 
DAMAGE. 
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Fic. 6 —- PRODUCTIVITY INCREASE AS A FUNCTION OF 
DAMAGE. 
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Fic. 7 — PRODUCTIVITY INCREASE AS A FUNCTION OF 
DAMAGE. 


construed as more than rough estimates for a par- 
ticular situation. The parameter, combined drainhole 
length per foot of formation, reduces but does not 
eliminate dependence of the results on actual forma- 
tion thickness. The trend is toward less productivity 
increase with less actual formation thickness for a 
specified combined drainhole length per foot of forma- 
tion. Drain holes are most effective in relatively thick 
formations with vertical, as well as horizontal, permea- 
bility. Results included in this paper do not apply, 
of course, when vertical permeability does not exist. 
The productivity increase that may be expected from 
drain holes and the cost of drain holes have been con- 
sidered, but not the effect of drain holes on decline 
rate, well spacing, or other parameters. Yet the results 
of this limited study are complex. A decision as to the 
practicality of drain holes, or a decision as to how 
they should be used, can only be made on the basis 
of the particular well under consideration. ake 
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